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Whatever your steam needs, in the complete C-E line of fuel 
burning and steam generating equipment, you will find a 


type and size just right for you. 


In the moderate capacity range, for example—from 4,000 
to 120,000 pounds of steam per hour — the three standardized 
C-E Boilers shown here offer advantages of economy and 
performance that make them standout values in a wide 


range of applications. 


C-E Package Boiler, 
Type VP 


4,000 to 40,000 Ib steam per hr pressures to 
500 psi for pressure firing of oil or gas 
completely shop-assembled, needs only 
simple concrete slab for foundation. Has more 
water-cooled area per unit of furnace volume 
than any other boiler of its size and type. Large 
lower drum permits simple, symmetrical tube 
arrangement great water storage capacity 
easy access. Low-speed centrifugal fan is 3 
unusually quiet in operation. Simple baffle : a : 
arrangement means low draft loss , C-E Vertical-Unit Boiler, 
simple soot blowing no dead pockets Type VU-10 
high heat absorption 10,000 to 60,000 Ib steam per hr pressures to 475 psi 
superheat to 200 F in larger sizes for coal, oil or gas 
bottom-supported, needs no outside supporting steel 
Boiler is efficient over a wide range of output, and is easy 
to operate and maintain. All parts are readily accessible 
for inspection. Regardless of fuel, the same general 
cross-sectional arrangement of drums, convection bank 
and furnace cooling is used. Uniform design through each 
transverse section assures even water level in drum, 





and uniform expansion 


Other C-E Industrial Boilers 


In addition to the standard boilers shown here, 
Combustion offers many other 2-drum designs, for 
capacities to 350,000 pounds of steam per hour, 
for any commercially available fuel, for pressures to 


1375 psi, and temperatures to 960 F. Heat recovery 





C-E Vertical-Unit Boiler, 
Type VU-55 equipment is available. So — whatever your steam 


50,000 to 120,000 Ib steam per hr. . . pressures of needs — call Combustion for details on the complete 


250 or 500 psi superheat and heat recovery line of C-E Industrial Boilers. 


equipment if desired for oil or gas... B.767A 
bottom-supported, needs no outside supporting or 
atecl. This boiler is of symmetrical design. Thus 


gas temperature is constant across the full boiler 

width. The narrow, high furnace integral design COMBUSTION 

of boiler and preheater absence of exterior 

ductwork compactness —all help the VU-55 

achieve standards of performance closely FNGINE ERING 

approaching that of large central station boilers, 

Combustion Engineering Building 
200 Madison Avenue, New York 16, N. Y. 

BOILERS, FUEL BURNING & RELATED EQUIPMENT; PULVERIZERS, AIR SEPARATORS & 
FLASH DRYING SYSTEMS: PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPE 





COMBUSTION 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 





Vol. 26 No. 8 





February 1955 


— A lu té Bro WP 


Weirton Steel Company Installs Its Fifth High-Pressure Steam Generator 


by Charles H. Leatham, j1 
Control of Engineering Costs by K. W. Reece 
he Design and Comparative Costs for High Stacks by E. J. Stankiewicz 
An Investigation of the Economic Size of Steam-Electric Generating Units 


by L. K. Kirchmayer, A. G. Mellor, J. F. O Mara and J. R. Stevenson 


What's Ahead in Power? by Theodore Baumeister 


e SS 
Cc Liottals —Departments 
( 


An Imaginative Solution to Fuel Personals and Business Notes 74 
Shortages 39 
Book Review 75 


Rec ognizing y oung Engineers. 39 
Advertising Index 80 


COMBUSTION published its annual index in the June issue and is indexed regularly by Engineering Index, Inc 





GERALD S. CARRICK JOSEPH C. McCABE CARL G, UDELL 


FE-ditor Circulation Manager 
GLENN R. FRYLING 


Associate E-ditor 


Business Manager 


Published monthly by COMBUSTION PUBLISHING COMPANY, INC., 200 Madison Ave., New York 16 
A SUBSIDIARY OF COMBUSTION ENGINEERING, INC 

Joseph \ antry, Pres.; Charles McDonough, Vice-Pres.; Otto Strauss, Treas.; Irving B. Swigart, Secy 
COMBUSTION is sent gratis to engineers in the U.S. A. in charge of steam plants from 500 rated boiler 
horsepower up and to consulting engineers in this field lo others the subscription rate, including postage, is 
$4 in the United States, $5.50 in Canada and Latin America and $7 in other countries. Single copies: Domestic, 
40 cents: Foreign, 40 cents plus postage. Copyright 1955 by Combustion Publishing Company, Inc. Publi 
cation Office, Easton, Pa. Issued the middle of the month of publication 
Acceptance under Section 34.64, P.L. & R., authorized by United States Post Office 








Printed in U.S.A 





; 4a S\\ . 


7y¥ 


a 


— 


Bom 
. Ad 


an “S 


i 


bn Se 
PR. “ei 4 


4 


> 


CHEMICAL CLEANING REMOVED MILL SCALE 
FROM BOILER AFTER ERECTION 


Dowell Service gave quick, effective cleaning 
assuring more efficient operation 


To provide more extensive service for its customers, a 
large power company installed a new 1,370,000 lb. per 
hour boiler. Specifications on this equipment called for 
Dowell Chemical Cleaning Service to remove any oil, 
grease, protective coatings, mill scale and rust from the 
boiler after erection 

To accomplish the purpose, Dowell engineers filled the 
boiler with solvents espe ially designed for the job. Using 
Dowell’s equipment, manpower and pump trucks, the 


entire cleaning job was performed in a few hours 


Dowell has removed as much as three thousand pounds 


of mill me ale and iron oxide from a new boiler. 


Unless it is removed, mill scale may retard heat transfer, 


slough off abrading particles, and act as a base for 
corrosion. And considerable annoyance may result from 
black boiler water. The removal of mill scale after equip- 
ment is erected can also eliminate much of the extra 
care required in the handling of previously sand blasted 


or ple kled tubes 


Maintenance engineers in industrial plants throughout 
the country have learned to rely on Dowell Service for 
fast, effective and economical cleaning of their operating 


equipment. How about you? 


Experienced Dowell engineers are available to make esti- 
mates on your! parthe ular problems. Call Dowell today, or 
write to DOWELL INCORPORATED, Tulsa 1, Okla., Dept. B-25. 


cleaning service for industry <l 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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COMBUSTION ENGINEERING 
ADOPTS YARWAY SEATLESS 
BLOW-OFF VALVES FOR 
PACKAGE BOILERS 








Combustion Engineering, Inc. on this package boiler 
installation at the Orangeburg Pipe Plant in California, 
again includes Yarway Seatless Blow-Off Valves 

as part of the “‘package.”’ 

It’s a popular idea—and growing fast. All good package-type 
boiler installations are better when equipped with Yarway 
Seatless Blow-Off Valves. 


More and more boilermakers are standardizing on Yarways, 
and more and more boiler users are expecting the advantages 
of Yarway Blow-Off Valves on their package units. 


Get the full story on why more than 15,000 boiler plants use 
Yarway Blow-Off Valves, some for 30 to 40 years. 
YARNALL-WARING COMPANY 

100 Mermaid Avenue, Philadelphia 18, Pa. 


BRANCH OFFICES IN PRINCIPAL CITIES 


BLOW-OFF 
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Yarway Type "B" Seatiess Tandem 
Biow-Off Vaive. Note balanced 
sliding plunger design with ne 
seat to score, wear, clog or leak. 
Pressures to 400 psi. 


VALVES 





] Iwo new units at Lone Island Lighting’s Glenwood These two American Blower Induced Draft Fans are 
Plant add 220 Mw to plant's capacity Note outdoor * installed on unit #5 at Glenwood Plant. Each has 


turbines (loreground) first in northeast area of U.S capacity of 197,000 cim @ 275°F @ 17.10 sp, @ 703 rpm 


Long Island Lighting pioneers 


American 
Blower 
Reports on progress 
in power 








, 


nto 
+ 


Glenwood Plant uses American Blower Fans on six oldet Lighting’s other generating plants include: Port Jefferson 


units and new outdoor type units (right). Long Island Far Rockaway and Edward F. Barrett stations 
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3 American Blower Forced Draft Fans on Glenwood's Ihese American Blower Induced Draft Fans are 
. #4 unit are each rated @ 135,000 cim @ 100°F G@ 


12.75 sp, @ 875 rpm at 197,000 clm @ 275°F @ 17.10 sp, @ 703 rpm 


* installed on Glenwood’s #4 unit. Each fan is rated 


use of outdoor-type units in Northeast; 


6 A F ae oo % . ‘ ‘ 
operations reflect design progress! 


Leading power company shows progress in power with new 


outdoor construction, reheat cycle and American Blower Fans 


INCE THE second world war, the Long 
Island Lighting Company has spent 
millions on expansion — over $150,000,000 


on electrical facilities alone, Operating 


efficiencies have gone up. 


I he use of the reheat cycle and high steam 
pressures and temperatures have cut fuel 
costs. New outdoor-type generating units 
permitted greater flexibility and saved in 


When it comes to air handling equipment, 
leading power and industrial plants pretet 
American Blower equipment for its quiet, 
dependable operation, for indoor as well 
as outdoor-type installations. 

Whether your modernization or expan 
sion plans call for Mechanical Draft Fans, 
Fly Ash 


Heavy Duty Steam Coils or Gyrol Fluid 


Precipitators Dust Collectors, 


However, these new 
units, using American Blower Forced and trol 


construction costs Drives for boiler feed pump and fan con 
profit by discussing your needs with 
an experienced American Blowe1 


Induced Draft Fans, have provided more repre 


than flexibility and savings: they are also sentative. Call your American Blower 


free from objectionable noise. Branch Oflice, today, or write us direct. 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American Radiator & Standard Sanitary Corporation 


AMERICAN (@) BLOWER 


Serving home and industry: MMRICAM-STAMOARD + AMERICAN BLOWER + CHURCH SEATS & WALL TILE + DETROIT CONTROLS + KEWANEE BOULERS + ROSS EXCHANGERS + SUNBEAM AIR CONDITIONERS 
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Louisiana Power & Light Company's 

third unit at Ninemile Point Plant 
designed by Ebasco Services, Incorporated 
with Instrumentation and Control by Hays. 


MORE AND MORE CENTRAL STATIONS ARE 
SELECTING HAYS INSTRUMENTS AND CONTROL 


New ideas in instrumentation and control 
featured in outdoor boiler plant 


MEET DEMANDS OF LATEST TYPE BOILER 
IN SPACE SAVING, GREATER SPEED OF RE- 
SPONSE, ALTERNATE FUEL FIRING. 

Practically every detail of the third unit of 
Louisiana Power's new Ninemile Point gen- 
erating plant is of the newest design. An 
all-weather outdoor boiler with Hays electric 
type combustion control—gas fired, with pro- 
visions for “stand-by” oil firing—will produce 
1,000,000 Ibs. of steam per hour, superheated 
and reheated to 1,005° F. . . . adding a capa- 
bility of another 135,000 KW to Louisiana's 
power program 

On outdoor boilers electrically operated 
combustion control is especially preferred 
because it doesn't require expensive compres- 
sors and dryers, allows maximum freedom in 
the location of the control room 

To answer operators’ demands for more 


hays 


MICHIGAN CITY 1, INDIANA 


Automat mbustior ntrol * Veriflow Meters and 
Veritrol * Electronic Oxygen Recorders * CO: Recorders 
Boiler Panels « Gos Analyzers © Cor 

Draft Goges * Electror Flowmeters 


Remote Indicators © Electronic Feed Water Controls 
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instruments in less space, Louisiana Power is 
installing a miniature remote control station. 
This Hays benchboard, which is four feet 
wide contains all important remote control 
elements—manual adjustments for the boiler, 
turbine and generator 

For faster speed of response and greater 
accuracy a number of Hays electronic instru- 
ments are being installed. Among these are-— 
electronic mercury—less flow meters and 3 
element electronic feedwater control 

Among the central stations recently select- 
ing Hays instrumentation and control are: 
Jersey Central Power and Light Co., Northern 
Indiana Public Service Co., Central Illinois 
Electric and Gas Co., St. Joseph Power and 
Light Co., Crawfordsville Power and Light Co, 

Write for Hays Boiler Plant Instrumenta- 
tion Bulletin 54-605-83. 
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Yes, a Straw Man...Often useful in real estate transactions, he 
represents the extreme opposite from the help you need for 
perfect piping when high temperature, high pressure or corro- 
sion is involved. Remember to enlist Mitchell “know-how” in 


prefabricating and erecting ... and then forget your piping. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT 2946 Ellsworth Street, PHILADELPHIA 46, PA. 


MITCHELL PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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\ Only a Heycon Damper 


ec 99 
The 


control in the lower flow increments 


Heacon Dampers provide the only solution 
to accurate flow control. With a background of 
over a decade of application to specialized 
problems, Heacon Dampers are accepted by 
engineers as the only means of accurate flow con- 
trol, particularly in the lower flow increments. 

V-porting is the secret. Heacon Dampers 
may be designed with V-porting to produce 
practically any flow characteristic from zero to 
100%. With conventional dampers barely 
cracked, a flow of 10 to 20% or more is immedi- 
ately released with resultant flow control 
problems in the entire system. 

Heacon Dampers are a radical departure 





that gives you accurate 


ee ee 


from normal damper construction. Consisting 
of supporting grill, sealing strip and flexible 
curtain of woven blue asbestos, metal or other 
suitable material as determined by the appli- 
cation, Heacon Dampers are recommended for 
use where these two factors, among others, are 
of major importance: 
1.—Accurate control and ease of operation by 
either manual or mechanical means. 
2.—Positive, tight seal when damper is closed. 
The Thermix Corp., Project Engineers for 
Heacon Dampers are specialists in the appli- 
cation of this damper to your particular re- 
quirements. Why not call their engineers today. 


offers you this 





Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN, 


(OFFICES IN 38 PRINCIPAL CITIES) 


Canadion Affiliates: T. C. Chown, Ud. 1440 St. Catherine St. W., Montreal 25, Quebec. 983 Bay St., Toronto 5, Ontario, Canada 
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Your J-M Packings Distributor can tell you 
why this quality sheet packing has maintained 
such an excellent reputation for over 35 years 


Where it’s used: Every industrial plant 
can use J-M Service Sheet Packing to 
advantage. It's the favorite packing 
of thousands of plant engineers and 
maintenance men. Both versatile and 
dependable, Service Sheet makes a 
tight, long-lasting seal against super- 
heated steam, air, gas, water, hot oil 
and ammonia, as well as many acids 
and chemicals. 


What its advantages are: |-M Service 
Sheet is a quality packing, made of 
selected long-fibre asbestos bonded 
with heat-resisting compounds. It is 
graphited on one side to permit break- 


ing a joint without destroy- 

ing the gasket. The un- 
graphited side is ruled into one-inch 
squares to speed cutting and reduce 
waste. And... you can order it in 
large economical quantities because 
J-M Service Sheet will not dry out in 
stock! 

How it is furnished: Service Sheet is sup- 
plied in sheets 54” x 63", 36" x 126’, 
346” x 63", and 54” x 126" sheets in 
thicknesses of 1/64" to 4" and 108” x 
126” sheets in thicknesses of 1/32" to 
\,". It is also furnished as cut gaskets 
in standard and special shapes. See 


vice Sheet “° ¢ 
equally good ror ol, stealn 


ahd gas lines / . 


eee 
= 
“— 


the J-M catalog for further details. 


Your J-M Packings Distributor carries 
complete stocks of J-M Service Sheet 
and other quality Johns- Manville 
Packings. He can help you choose the 
right packing for your application. 
Write him for complete information 
and copy of folder PK-19A, “Thou- 
sands of Plants Rate It Tops.” Or 
address Johns-Manville, Box 60, New 
York 16, N. Y. In Canada, 199 Bay 
Street, Toronto 1, Ontario. 


JM Johns-Manville PACKINGS & GASKETS 
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Two boilers at Salem Harbor Station are 
fed by stainless-clad steel bunker noses and 
pipes. No hangups or repairs have been 


In September 1952, the 
Salem Harbor Station of the New 
England Electric System went on the line. Rated as 
one of the most efficient stations in the nation, it has 
had two years of trouble-free operation. Stainless- 
clad steel figures directly in the exceptional perform- 
ance of the interior coal handling equipment. No 
hangups or maintenance problems have occurred. 
At Salem Harbor, stainless-clad was used at every 
point of extreme wear. The corrosive and abrasive 
effects of wet coal were virtually eliminated at key 
points. Four bunker noses and feed pipes were made 


stainless-clad, hoppers used “%e" and \" 


of %" 
clad, and chutes leading to the pulverizers are 4" clad, 


Stainless-clad steel—a layer of solid stainless steel 





LUBENS 


reported in two years of operation. 


integrally and permanently bonded over its entire sur- 
face to a strong, low-cost carbon steel backing plate 
was chosen here for its twofold economy: low initial 
cost and minimum maintenance. Its smooth surface 
defies hangups and, with hard use, develops a mirror- 
like finish. It can extend the service life of coal han- 
dling equipment through the useful life of the boiler. 
If you would like detailed information, write for 
Bulletin 740. In addition, our Technical Service De- 
partment is available to work with your equipment 
builders and engineers in putting stainless-clad steel 
to work for you. If you would like the names of qual- 
ified equipment builders, write to the Manager, Mar- 
keting Service, 684 Lukens Building, Lukens Steel 


Company, Coatesville, Pennsylvania 


CLAD STEELS 





STAINLESS-CLAD - NICKEL-CLAD - INCONEL-CLAD - MONEL-CLAD 


PRODUCER OF THE WIDEST RANGE OF TYPES AND SIZES OF CLAD STEELS AVAILABLE ANYWHERE 
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It Takes a Lot of Water Conditioning 
To Manufacture an Automobile 


And the water problems in some two hundred auto manufacturing 
plants serviced by Hall Laboratories are almost as varied as the number 
of operations required to put a new automobile on the highway. 

Service records of the Hall engineers tell the story: 


In the Boiler House: 
Automotive Hardware Plant No. 62 


Report by 1. A. Reda 


No. 2 Boiler (over 30 years old) 
has been baffled as per our recom- 
mendations to reduce carry-over. In 
line with mechanical changes, con- 
tinuous blowdown systems have been 
installed on all of the boilers so that 
a control program for regulating the 
rate of blowdown can be set up. 

Units which had been opened re- 
flected considerable improvement in 
sludge distribution. These improve- 
ments were realized not only because 
of mechanical changes, but also by 
the very control maintained 
over boiler-water conditioning. 


close 


In Plant Processing: 
Metal Fabricating Plant No. 83 
Report by J 


1. lvanci« 


Processed parts of sheet aluminum 
came through cleaning with elec- 
trical resistance so high that welding 
of the finished product was difficult 
hundreds 
of microohms on the surfaces instead 
of the maximum acceptable resist- 
microohms. Plant men 
suspected change in water supply 
might be responsible 

Working with the capable plant 
engineer, our process specialist Kurt 
Albrecht 
sources of trouble when he was called 
in to study the problem. In the de- 
oxidizing bath, conditions were such 
that 
could plate out on the aluminum 
At the final rinse stage, acid dosage 
did not compensate for the wide 
variations in alkalinity of different 
water supplies. The type of wetting 
agent being used in this operation 


Resistance amounted to 


ance of 35 


spotted other possible 


appreciable silicic acid salts 


further contributed to the surface 
resistance of the finished parts. Fi- 
nally, drying methods evaporated 
rather than removed rinse solution, 
leaving solids of high resistance. 

Close control of deoxidizing is now 
being maintained by the improved 
methods recommended. Constant 
use of deionized water and elimina- 
tion of acid feed (carry-over from 
deoxidizing now provides the correct 
PH of solution) minimized the pick- 
up of solids in the final rinse. Blast- 
ing with compressed air to remove 
rinse water further reduced the sur- 
face resistance of the parts. More 
reliable measurement of resistance 
has resulted from an improved 
method. 

Plant men informed us that Kurt 
Albrecht got them squared away 
ok on their aluminum cleaning 
problem. 


In the Condensate 
Return System: 
Engine Plant No. 142 
Report by R. R. Christian 


Tank engine plant showed marked 
corrosion reduction during a test 
period feeding a maximum of 2.5 
ppm. of Hagafilm. Comparative tests 
showed corrosion reduction of 98 per- 
cent in the boiler house lines, and 89 
percent in the main manufacturing 
building. 


In Plant Water and 
Cooling Systems: 
Automotive Assembly Plant No. 7 
Report by F. R. Duesing 


Major cause of production delays 
in this assembly plant was frequent 
burning out of tips on water-cooled 


| 


Pittsbu gn 
Number | 


spot welding guns. Tips were plug- 
ging up with dense hard material, 
shown by lab tests to be corrosion 
product, calcium carbonate scale, 
and some asbestos dust from a neigh- 
boring plant taken into the system 
by way of the cooling tower. 

Threshold treatment, using the 
new Calgon® Composition T, which 
allows very low phosphate reserve 
and a comparatively broad pH range, 
eliminated scale formation and cor- 
rosion. But the asbestos dust being 
caught in the cooling tower and so 
introduced into the recirculating sys- 
tem still plugged the welding gun 
tips. Filters were ‘recommended and 
installed to handle only the water 
supplying the welding guns. 

Combination of chemical and me- 
chanical treatment has now elimi- 
nated burn-outs. 


Automotive Assembly Plant No. 34 
Report by L. P. Dougherty 


Experience on a previous job at 
an assembly plant serviced by Hall 
engineer S. R. Osborne led the power 
plant engineer to start a new tank 
plant off right by treating well sup- 
ply with glassy phosphate, and a 
closed cooling system with chromate. 

At the new plant the treatment of 
well water and the recirculating sys- 
tem is being carried out without a 
hitch. 

* * > 

Manufacturing automobiles is the 
business of all these plants. Hall 
Laboratories’ part in getting the 
cars on the road is to help the in- 
dustry to obtain the most service 
from the millions of gallons of water 
being used in its plants 


IndustrialWater Problems 
Require Special Handling 


, 


There are no “‘stock answers’’ to 
industrial water problems. For in- 
formation, write, wire or call Hall 
Laboratories, Inc., Hagan Building, 
Pittsburgh 30, Pa. 

Water is your industry's most im- 
portant raw material. Use it wisely. 
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You Get More Value 
When You Buy S-E-CO. 


The New S-E-CQ. Coal Valve 


Can Eliminate Your Coal Valve Headaches 


FOR EXAMPLE ... it has se/f-cleaning, coined, ladder racks that cannot be- 
come clogged with coal, even on jobs having internal pressure. This feature alone can 
eliminate hours of time spent cleaning coal from the valve body, racks and pinions 
so that you can operate it. 

the pinions are also of self-cleaning design, located above the gate, an ex- 
clusive S-E-Co. design feature. This position helps keep the ladder racks clean and 
assures positive tooth engagement. This, together with the new husky sized racks, can 
eliminate your troubles with tooth breakage and subsequent time consuming repairs, 


large, 2-5/16" diameter, rollers, equipped with ball bearings, support the 
gate making sure it will move easily. These rollers have stainless steel shells to combat 
corrosion. Felt grease seals and stainless steel grease retainers with fittings for pres- 
sure lubrication insure their long life. 

Dependability, minimum maintenance requirements and ease of operation are built 
into each S-E-Co. Coal Valve. Write for our new Bulletin #97 or for a local repre- 
sentative to call and assist you select valves to replace those that are not giving 


satisfactory service. 


SPECIALISTS IN STOCK Equipment Company 


BUNKER TO PULVERIZER AND 


aR ash essai 745- C HANNA BLDG., CLEVELAND 15, OHIO 
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EVERY TON o FUEL you surx 
raxss 12 TONS o AIR 


See P. 545 of FAN ENGINEERING 


Sth Edition, chapter on Combustion 





and Mechanical Draft 


Since approximately twelve pounds of air must pass through your boilers SPECIFY 
to burn a pound of combustible, your draft department is no place to cut ° 
corners. Also, today's high pressure requirements for super-heated steam, 
plus air preheaters and flue gas cleaning equipment in the system, place o* 
extremely heavy loads on the fans. It calls for the best fans you can get! 
This is why so many power plant operators use “Buffalo” Forced Draft, THE 
Induced Draft, Gas Recirculating, Primary Air Fans and Overfire Blowers. DRAFT FANS 
They're built with one thought: to deliver the draft your fuel requires, , acc il 

with the "Q” Factors 


with the lowest possible maintenance costs, and the shortest and fewest 


possible draft timeouts. Have us mail you Bulletin 3750 and see why © Built to stand up 
your best choice is “Buffalo” e Easier to service 
e High in efficiency 
The “Q” Pactor the built-in Quality which provides p . h : 
trouble-free satisfaction and long life © Performance character- 
istics tO meet pressure 


demands in modern steam 
generation practice 


BUFFALO FORGE COMPANY 


170 MORTIMER STREET BUFFALO, NEW YORK 
PUBLISHERS OF “PAN ENGINEERING” HANDBOOK 


Canadian Blower & Forge Co., Led., Kitchener, Ont 


Sales Representatives in all Principal Cities 








AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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VENTILATING AIR CLEANING 


14 

















For Features that 
Mean Long Valve Life 
and Low Cost Service 
Get this 

ALL-Purpose x a 4 
Edward Sa oh 
Forged : a: 
Steel 

Globe 

Valve 
















and angle ... 600 and 
1500 Ib sp .. . bolted or 
union bonnet. . . screwed or 
socket welding ends .. . Fig. 
448 illustrated. 










% 
CHECK THESE / FEATURES 


7 Hard bronze yoke bushing to prevent 
stem seizing or galling . .. lock welded 
to yoke 
Packing is Edward EValpak . . . heat 
resistant, water-proofed and die 
molded for long service 
Disk of EValloy 13% chromium or 
Stellite .. . slotted or disk nut type .. . 

















self centering 
tree | | | ! i ¥ Tight, easily accessible bolted or union 
sical bonnet joint .. . with lronkote gasket 
of 90 Brinnel max. hardness for leak- 
proof joint 






Hect treated forged steel inclined stem 
globe type body for lowest pressure 
loss 

¥ Built-in pressuretight backseat .. . 
permits repacking under pressure 







SSSHSSSSSSSSSSSSSSSHSSSSSSCSSSSSSSSCSSSCSSESESSSC SSCS CSE SSS 

$ EDWARD VALVES, INC : ¥ Roomy forged yoke .. . plenty of 

$ Subsidiary of Rockwell Manufacturing Company $ finger space for repacking 

: 1206 West 145th Street, East Chicago, Indiana : Strong forged gland bolts... plated 

4 EAST CHICAGO, INDIANA $ for long thread life 

$ Please send literature covering your Fig. 444-8 series | 

: all-purpose forged steel valves ; Another Or 

+4 Name $ @ 

>. . 

4 Company : 
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ge. : Edward Valves, inc 
. 

: Address p 9 ad 

: City —_ State : Subsidiary of ROCKWELL MANUFACTURING COMPANY 
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COPES-VULCAN OFFERS ALL THESE CONTROLS 


Combustion may be con- 
trolled from steam flow-air 
flow, or by fuel-air-ratio 


method. Instrumentation of 


the most modern design by 
Taylor assures fast re- 
sponse, accurate control 
and utmost dependability. 


Boiler Feed Water may be 
controlled from three, two 
or one Feed 
water control systems may 
have instrumentation by 
Taylor (Type 3-L, Bulletin 
1013), or be electrically or 
mechanically operated. 


influences. 


Pressure reducing valves 
to meet any need. Steam 
temperature control may 
be from three or two in- 
fluences, using burner or 
damper positioning, gas 
recirculation, direct water 
spray or heat exchanger. 
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Full automatic-sequential 
control may be part of 
main panel or set up on 
separate panel. Individual 
push button control avail- 
able. For smaller boilers 
there are manually oper- 
ated units in several types. 




























































"C-V+T=BBC 


COPES - VULCAN + Taylor = BETTER BOILER CONTROL 
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STEAM COSTS 








Won you plan to modernize your 
power facilities, check into the many advantages 
offered by Copes-Vulcan Boiler Control. 

From one dependable source, you can get 
modern combustion control with instrumenta- 
tion by Taylor, precise feed water control, 
accurate steam temperature control and auto- 
matic cleaning of heat-transfer surfaces. 

Remember, too, Copes-Vulcan assumes full 
responsibility for service wherever needed 
for the life of your installation. 

Ask Copes-Vulcan engineers for recommen- 
dations on how to reduce your steam costs. 
Write for Bulletin 1007-A. 


COPES-VULCAN DIVISION 


CONTINENTAL FOUNDRY & MACHINE COMPANY 
ERIE 4, PENNSYLVANIA 


WITH INSTRUMENTATION 


ov Taylor 


BRINGING YOUR 
COAL HANDLING COSTS 
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When coal handling costs are too high for comfors, remember Gifford-Wood's 
4-basic design story. Each of these storage designs — concrete silo, tile silo, cylin- 
drical steel tank and suspended steel bunker—are carefully engineered to meet 
specific limitations of climate, capacity, space available and cost. The combina- 
tion of extensive engineering experience and well known manufacturing ability 
assures installations of highest possible operating efficiency at reasonable cost. 


A Gifford-Wood engineer, thoroughly familiar with coal handling problems, 
is at your service, Let him study your needs and recommend a G-W system 
that will both simplify the operation and reduce your costs. 


BASIC G-W WAYS TO CUT COAL HANDLING COSTS 
@ Reinforced Conirete Silo Storage 
@ Vitrified Tile Silo Storage 
© Cylindrical Steel Tank Storage 
© Suspended Steel Bunker Storage 


Bulletin No. 300 describes, with illus. G/FFORD- Wooo Co. 


tration ond working drowing, these 

, ma 
4 basic G-W types of handling sys- PR ay 
tems. Write todey for your copy 


NEW YORK 7 rr $7. LOUIS 1 
420 LEXINGTON 565 W. wasninatens STREET RAILWAY EXCHANGE 
AVENUE BUILOING 


@& 6378 G-W HANDLES IT... . faster * easier * cheaper 
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a practical 


Here's how one manufacturer of package steam 
generators builds extra life into his units. He 
uses a 134”-thick lining of CARBOFRAX® silicon 
carbide tile to shield the metal surfaces at the 
mouth of the firing runne! from the severe heat 
shock and corrosive action of the hot fuel gases 
as they blast from the burner tube. 


Since CARBOFRAX refractories conduct heat 
nearly as rapidly as alloy steel (11 to 12 times 
as fast as fireclay), there's little or no inter- 
ference with heat transfer in the area of the 
liner. As a matter of fact, the hot face of the 
CARBOFRAX tile actually helps get maximum 
fuel efficsency by improving combustion. 


Ames Iron Works is one of many progressive 
builders of steam generating equipment who 
have recognized the wisdom of applying Super 
Refractories by CARBORUNDUM where combus- 
tion conditions are most severe. Wouldn't it pay 
you to consider these materials the next time 
one of your hot spots needs attention? Write 
today for our 32-page summary of Super Re- 
fractory applications in boiler trouble spots. 
Address Department E25, The Carborundum 
Company, Perth Amboy, New Jersey. 
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“Amesteam” generator is built by Ames iron Works, Inc., 
Oswego, N. ¥. The CARBOFRAX liner is used in all Ames 
generators rated 200 HP, or above, that burn heavy fuel oil. 


CARBORUNDUM™M 


Registered Trade Mark 





A panel of 32 tubes, supported by strongbacks, is fed 
into a specially adapted press where, in one operation, 


the tubes of the entire panel are bent. 


NOW WERE DRE 


Developed by Combustion, this new erection tech- 
nique is a significant step toward reduction of boiler 
erection time and cost. It makes obsolete the practice 
of erecting large steam generating units part by part 
and tube by tube. Instead, by prefabricating large 
assemblies in the C-E shops, the number of repetitive 
field erection operations is appreciably reduced. 

No longer need waterwall tubes be erected one by 
one. By prefabricating waterwall tube sections into 
panels, substantial savings in time and money are 


Shop assembled in precision jigs, the lengths of 
the tubes in each panel are exact and uniform. 
Tube bending operations in the shops are accom- 
plished much quicker and with a high degree 
of uniformity 

Loading and unloading panels on railroad cars 
is much faster than handling individual tubes. 
Since panels can be properly supported and 
compactly packed aboard freight cars, tube dam- 
age while in transit is minimized. 

At the job site, paneled tubes can be stored 


Here at the job site the panels are carefully stacked in 
proper sequence which greatly facilitates handling and 


erecting operations 


achieved. Panels consisting of 32 or more tubes, rang- 
ing in length between 40 and 60 ft., are shaped, pack- 
aged and shipped as units to the job site. It makes no 
difference if the tubes are straight or have multiple or 
compound bends. They can be prefabricated and 
shipped in panels that are convenient to handle. Even 
complete burners and their adjacent waterwall tubes 
are shipped as assemblies. 

The advantages of such construction are numerous. 
Some of the more significant are: 


compactly and neatly, thereby reducing the 
amount of storage space required. 

Properly numbered panels are easy to find and 
the “needle in the haystack” process of finding 
individual tubes is eliminated. 

The number of hoisting operations is greatly 
reduced and better use can be made of the hoist- 
ing facilities. 

Handling time, from storage yard to final posi- 
tion in the boiler, is much shorter. 

Furnaces can be closed in much more quickly. 


This advance in technique is still one more example of the continuing effort on the part of C-E to make good products better. 


COMBUSTION ENGINEERING 


Combustion Engineering Building - 200 Madison Avenue, New York 16, N.Y 


OILERS, FUEL BURNING & RELATED EQUIPMENT, PULVERIZERS, AIR SEPARATORS AND FLASH DRYING SYSTEMS, PRESSURE VESSELS; AUTOMATIC WATER HEATERS, SOIL PIPE 
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Separating and lifting jigs are in place on a panel about A corner assembly, which comprises a complete tangen- 
to be hoisted. Note that tube ends are accurately pre- tial burner unit with its waterwall tube panel, is raised 
spaced to facilitate welding into position 


Thirty separate panels com 
prising nearly 1000 individ 
val tubes are now in place 
Only 30 hoisting operations 
were required 
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IRON BODY WEDGE GATE VALVES 


Beller becatise ... The entire valve, from hand- 
wheel to seat rings, is ruggedly constructed to with- 
stand rough and frequent usage. Body, bonnet, and 
yoke are sturdy castings with large radius fillets. Di- 
mensions and drilling of end flanges are in agreement 
with American Cast Iron Flange Standards. Stiffening 
ribs connect end flanges with the body neck to main- 
tain a rigid connection with piping. 


A wide range of Walworth Iron Body Wedge Gate 
Valves is available—through your Walworth Dis- 
tributor—from which you can choose the right type 
to meet your most exacting conditions. Saddle-type 
valves as small as %-inch; low pressure valves for 
water and gas pipelines up to 36 inches, 

Whenever you need valves and fittings, choose 
from complete lines—in a variety of metals —manu- 
factured by Walworth. For more information, see 
your Walworth Distributor or write: Walworth 
Company, General Offices, 60 East 42nd Street, 
New York 17, N. Y. 
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Walworth No. 726F OS&Y (Outside Screw 
and Yoke) iron Body Wedge Gate Valve. 
OS&Y valves are recommended for services 
where it is desirable that the line fluid does 
not come in contact with the stem threads. 
Note the swing-type gland-eye-bolts for easy 
repacking. Sizes 2 to 30 inches. 


WALWORTH 


Manufacturers since 1842 


valves... pipe fttings . . . pipe wrenches 


60 East 42nd Street, New York 17, N. Y. 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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When you specify a B-L furnace enclosure you 
can be sure of long life and lowest possible 
maintenance. Intelligent engineering and top- 
quality materials provide the stand-up stamina 
that makes enclosures “tougher than blazes.” 
Each unit is individually designed for the job. 
Write today for complete information. 


BIGELOW-LIPTAK (o:poration 


ANG BIGELOW LIFPTAK EXPORT COMFORATION 
2550 WEST GRAND BOULEVARD, DETROIT 6, MICHIGAN 


UNIT-SUSPENDED WALLS AND ARCHES 
In Canada: BiGELOW-AIPTAK OF CANADA, LTO, Joronte, Ontaria 


ATLANTA © BOSTON « BUFFALO « CHICAGO « CINCINNAT! + CLEVELAND « DENVER « HOUSTON + KANSAS CITY. MO + LOS ANGELES + MINNEAPOLIS +» NEW TORK 
PITTSBURGH « PORTLAND, ORE « ST LOUIS « ST PAUL « SALT LAME CITY » SAM FRANCISCO « SAULT STE. MARIE, MICH + SEATILE « TULSA + VANCOUVER, BC 
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Fly Ash Problem 
Solved By Central Station 


This Pennsylvania utility felt that as long as you can see 


dirty stack discharge, you have a problem. To solve it, 
they 


with very high efficiency 


decided to insist on fly ash collection equipment 


The electrical precipitators they chose, which were 
placed after existing mechanical collectors, are Cottrells, 
designed and built by Research-Cottrell. Their effec- 


tiveness is demonstrated in the above unretouched photo- 
graphs. At the left, the precipitators were turned off long 
enough to take the picture showing the volume of fly ash 
discharged by the boilers. At the right, the precipitators 
are turned back on. Stack discharge is visually clean. 

This is another example of industry's trend toward 
establishing its own higher standards for nuisance abate- 
ment. Research-Cottrell, which has made more fly ash 
installations than any other company, cites the following 
comparison: 

In the period from 1923 to 1939 only 11% of its power 
plant customers sper ihed fly ash collection efficiency of 95 
to 98%. In recent years, that 11%.has risen to fully 90%, 


24 


One reason, of course, is the generally increasing em- 
phasis on community relations. Another factor is that far- 
sighted companies are anticipating stricter smoke regula- 
tions. They are anxious to install equipment that will end 
their smoke problems now and also prevent sus h problk ms 
from occurring in the future. 

Still another factor is this. In recent years, with modern 
coal pulverization and advanced boiler design, there has 
been an increase in the fineness of fly ash particles. This 
calls for the most efficient equipment available. 

Read—in Bulletins FA and MI 
ment and the Research-Cottrell’s MI Rapper. This device 


eliminates rapping pufls and enables the precipitator to 


about Cottrell equip- 


maintain, continuously, its high collection efficiency. 


Write for your copies today. 
Ac-183 
RESEARCH-COTTRELL, INC. 
A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 


Main Office and Plant: Bound Brook, N. J 
405 Lexington Ave., New York 17, N. Y. + Grant Building, Pittsburgh 19, Pa. 
228 N. La Salle St., Chicago 1, Ill. + 111 Sutter St., San Francisco 4, Cal. 
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THERE'S NO BETTER STOKER COAL THAN 


zt 
BEACON PROCESSED POCAHONTAS 


“LAUNDERED” PREMIUM COAL 
. Pocahontas of nature's finest 
made even better with careful 


one 
coals—is 


processing in our modern cleaning plant. 


SIZED .. . Careful grading to specifica- 
tions developed through years of research 
in our laboratory makes Beacon Coal 
ideal for efficient stoker operation. 





| DUST-PROOFED .. . Complete clean 
liness is insured by spraying with a spe 
cial oil which spreads evenly to coat and 
dust-proof each piece. A luxurious touch! 








ABUNDANT HEAT . seacon Poca- 
hontas Coal is naturally low in gas and 
tars, other impurities are washed away 

high-carbon fuel 


result, a hot-burning, 


NO DUST NUISANCE ... You'll find 
that delivery of a load of Beacon Stoker 
Coal doesn’t cause dirt. Special cleaning 
and oil-coating processes keep dust down. 








LESS ASH TO HANDLE ... Beacon 
Pocahontas has little ash to start with 
and less after it is cleaned. This ash fuses 
into firm, easily removed clinkers. 
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IT BURNS CLEAN ... 
hontas Stoker Coal is Low Volatile. Ina 
properly operated stoker, it just doesn’t 
make smoke or soot, 


Beacon Poca- 


SPECIALLY PROCESSED TO GIVE MORE FOR EVERY FUEL DOLLAR 


Beacon Processed Pocahontas Stoker Coal features mean comfort, convenience and economy 
repeat sales for you! 


jor your customers 
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IDEAL COKING QUALITIES ... 
Beacon Stoker Coal makes soft, porous, 
easily burned coke— assures good steady 
heat—quick response to the thermostat. 








a 
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QUIET, SMOOTH STOKER OPER- 
ATION .. . Soft structure, uniform grad- 
ing, permit coal to feed from bin to fire- 
box quietly, without grinding, banging. 





EASTERN GAS AND FUEL ASSOCIATES 


CLEVELAND * 


PITTSBURGH * BOSTON - 


DETROIT - NEW YORK * NORFOLK * 


PHILADELPHIA 





* SYRACUSE 


For Export: 
CASTNER, CURRAN & BULLITT, INC. 


For New Engiand: 
NEW ENGLAND COAL & COKE CO. 





Fresh Viewpoint 


on Dust Collection! 









After seeing the daily operating records kept on Buell ‘SF’ Electric 
Precipitators and Cyclones by our customers many executives 
and engineers have come away with a fresh viewpoint on industrial 


dust collection 

They have balanced initial cost against actual day-to-day results 

they have investigated maintenance costs over as much as a 20 year 

period they have compared designs with efficiency maintained 

over the years 

We invite you to look these daily operating records over yourself 
there’s Buell Equipment operating from Pennsylvania to Peru 

and a Buell Customer near you. We'll be glad to give you his name 


Meanwhile, get the complete facts about all three Buell Systems for 
industrial dust recovery. Our clearly worded Brochure—The Collec- 
tion and Recovery of Industrial Dusts—will give you the whole story 
fast. Simply write Dept.70-B, Buell Engineering Company, 70 Pine 
Street, New York 5, N.Y 







MECHANICAL 





“| 20 Years of Engineered Efficiency in 
ELECTRICAL 
DUST COLLECTION SYSTEMS 
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ENGINEERING FOR TOMORROW . pee 


Mechanica! Eng'g Dept 
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Increasingly high pressures and temperatures 
used in processes today demand the most 
advanced engineering and metallurgical treat- 
ment of the piping and equipment to handle 
them. The M. W. Kellogg Company has earned 
a long-standing reputation in this specialized 
engineering area. 

Largely responsible for M. W. Kellogg's posi- 
tion is the company’s ‘Committee on Materials 
and Fabrication’’ which meets regularly to 
discuss developments of pure and applied 
research as they concern service experience, 
metallurgical progress, welding techniques, 
and improved methods of fabrication. 

Composed of principal engineers from M. W. 
Kellogg's process engineering, mechanical en- 
gineering, and construction departments, as 
well as the Fabricated Products Division, this 
Committee benefits all of the company’s ac- 
tivities and the facilities they offer in their 
respective fields. 

The Committee on Materials and Fabrica- 
tion is one reason why The M. W. Kellogg 
Company is recognized as the leader in the 
design and fabrication of piping, pressure 
vessels, heat exchangers, waste heat boilers, 
and process equipment requiring transient and 
maintained pressures and temperatures. 


PROCESS EQUIPMENT 


POWER 
PIPING 
ANDO 


CHEMICAL 


SPECIAL 
STEEL ALLOYS 


THE M. W. KELLOGG COMPANY, NEW YORK 7, N.Y. 


The Canadian Kellogg Company, Limited, Toronto + Kellogg international Corporation, London 


SUBSIDIARIES OF PULLMAN INCORPORATED 


PETROLEUM 
REFINERIES 





This CRANE VALVE begins new 
after 37 years’ service! 


THE CASE HISTORY — World War One still raged when Cin- 
cinnati Gas & Electric Co. installed this Crane steel gate valve in 
1917 at its Front & Rose Street Station. Ever since, it has safely 
controlled the main steam lead to No. 1 turbine —always making 
tight closure when needed —always responding smoothly to its 
hydraulic operator. For 37 years it has given such service with 
no more than routine maintenance—under operating pressure 
of 250 psi at 600 deg. F. 

In 1954, the No. 1 turbine was renewed. The Crane steel valve 

with complete confidence in Crane durable quality as demon- 
strated — was given limited preventive maintenance while down, 
and reinstalled in its original location. 

Long life with minimum maintenance is a deeply rooted char- 
acteristic of Crane valves. That’s what makes them industry’s 


first choice today for low ultimate cost. 


CRANE CO. 


General Offices: 846 8. Michigan Ave., Chicago $, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + 


KITCHENS * 


CRANE STEEL GATE VALVES 
... 4 Complete line 


Here is steel casting at its best, by 
the pioneer in steel valve develop- 
ment. Here is value in durability 

dependable operation . . . and 
in low-cost maintenance that sets 
Crane steel valves apart from the 
ordinary. They’re made for every 
service—in all pressure classes and 
sizes. Consult your Crane Catalog 
or Crane Representative 


CRANE’'S FIRST CENTURY... 1855-1955 


PLUMBING 


HEATING 
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Burning coal the modern way saves 
Lakewood Hospital 22% in fuel costs 


or your nearest coal distributor. Their advice may 


When Lakewood Hospital, Lakewood, Ohio, recently 
enlarged its facilities, the hospital authorities decided 
to install a new boiler plant. After careful consideration, 


they < hose coal. 


Today the hospital's automatic coal-burning equipment 
supplies steam at high efficiency to laundry, kitchen, 
sterilizers and heating system. The coal is handled 
and burned cleanly, meeting rigid sanitary require- 
ments. And, based on local rates, coal costs $4,068 
less per year than natural gas and $6,348 less than 
oil! Using the lower figure, burning coal the modern 


way has effected a 22% savings in fuel costs. 


Investigate Your Fuel Costs 


If you're planning to modernize your plant or build a 
new one—or if you are just interested in cutting fuel 
costs—find out how coal, burned the modern way, 


compares to other fuels. Talk to a consulting engineer 


save you thousands of dollars every year. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost 
fuel available 
Up-to-dcte coal burning equipment can give you 10% to 
40% more steam per dollar. 
Automatic coal and ash handling systems can cut your 
labor cost to a minimum. 
Coal is the safest fuel to store and use. No dust or smoke 
problems when coal is burned with modern equipment 
Between America's vast coal reserves and mechanized 
coal production methods, you can count on coal being 
plentiful and its price remaining stable. 
For further information or additional case histories 
showing how other plants have saved money burning 
coal, write to the address below. 
BITUMINOUS COAL INSTITUTE 
1 Department of National Coal Association 


Southern Building, Washington 5, D.C, 








BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 





Bayer Balanced Valves are 
Jamous for their long life 


and continued lightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky. 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 





Bayer Single Chain Balanced 
Valve Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 





THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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Bartlett-Snow 
coal handling 


aE Monta — 


@ The illustration above shows the Montaup Electric 
Company’s Somerset Station after completion of a 60,000 
K.W. extension that increased the total capacity of the 
plant to 210,000 K.W. The new coal handling equipment 
required — built and installed by Bartlett-Snow to Stone and 
Webster specifications — includes conveyors, weightometer 
and tripper. It connects into the old system at the south end 
of the plant, and is carried through a gallery built on the 
roof to discharge coal into the new bunker at the north end 
of the plant. For new plant projects, modernization pro- 
grams, and additions and extensions to existing facilities, 
call the Bartlett-Snow coal handling engineers. 








“Builders of Equipment for People You Know” 













General View of Somerset Station 
Montaup Electric Company 
Stone and Webster Engineering Corp. 

















Consulting Engineers 


Bartlett-Snow Belt Conveyor Tripper 
Over New Bunker 


View of New Belt Conveyor Gallery 
Built on Roof 

















Control-dollars frequently bring annual invest- 
ment returns of 100%, or more. When you buy 
adequate,well-applied steam plant controls,you 
increase your dollars’ ability to work usefully 


for you 


That's where Bailey can help: Bailey Controls 
can give you a better control-dollar efficiency. 


Here's why: 


1. Complete Range of Equipment — fully 
co-ordinated. You need never worry that 
a Bailey Engineer's recommendation is 
slanted in favor of a particular type of 
equipment, just because he has a limited 
line te sell—or that Bailey will pass the 
buck for efficient control; we offer complete 


boiler control systems. 


2. Engineering Service—backed by experi- 
ence. No other manufacturer of instru- 
ments and controls can offer as broad an 
experience, based on successful installations 
involving all types of combustion, flow 


measurement and automatic control. 


3. Direct Sales-Service — conveniently lo- 
cated near you. Bailey Meter Company's 


sales-service engineers are located in more 





This Bailey Boiler Control Panel in a 
mid-western industrial plant saves 
fuel and insures safe operation of a 
100,000 Ib per hr, 175 psi, sat., pul- 
verized coal and gas-fired boiler. 


industrial centers than those of any other 


manufacturer of boiler control systems; you 
get prompt, experienced service with a min- 


imum of travel time and expense. 


For better control-dollar efficiency —for more 
power per fuel dollar, less outage and safer 
working conditions, you owe it to yourself to 
investigate Bailey Controls. Ask a Bailey 
I-ngineer to arrange a visit to a nearby Bailey 
installation. We're proud to stand on our 


record: “More power to you!” 


A-112-1 





5 IVANHOE ROAD 
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THE LJUNGSTROM AIR PREHEATER 


cuts fuel costs in hundreds of plants 


The Ljungstrom Air Preheater has proved its value in industrial 
and utility plants throughout the country. That’s why every year, a 
constantly increasing percentage of the total installed boiler 
capacity is Ljungstrom-equipped. Your fuel costs will drop, too, when 
you equip your boilers with Ljungstroms. The extremely high 
efficiency of the regenerative design means the greatest possible recovery 
of waste heat... with substantially lower fuel requirements. 
If you are planning a new boiler installation — or expanding or modernizing 
your present one — let our engineers show you 
how the Ljungstrom can raise over-all efficiency in your plant. 
Ljungstrom Air Preheaters are now available for boilers of 
any type or capacity from 25,000 pounds of steam per hour up. 





The Air Preheater Corporation 60 Eos 42nd Street, New York 17, N. Y. 
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One of the greatest problems in operating high pres 
sure feedwater heaters in modern super-pressure powe! 
plants is failure of expanded tubs joints In 1947, 
Lummus pioneered the held if welding monel tubes 


to steel tubs sheets in feedwater heaters Iwo such units 
were built for the city of I ansing Mi higan ce signed 
for 1200 psi. These units have had no failures in seven 


years of operation 
Lummus I 
cropper 


terrihe pressure 


“ has developed a procedure ol welding 
nickel tubes to steel tube sheets Subjected to 
ind temperature tests, the we lded units 
have gone through many cycles with excellent results 


| uinimnus has also mH vcle ore installation, In service now 


for over six months without a failure, having a design 
pressure of 2900 psi and requiring over 40.000 70-30 
nickel tubes welded into steel tube sheets 

Phe unit shown above, with a design pressure of 2,600 
psi, is being fitted with 70-30 cupro nickel tubes 
cessful with 80-20 
cupro nickel tubes 


Welding-in of tubes eliminates the possibility of tube 


cupro 


Sur 


installations have also been made 
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years without a failure 








joint failure because of fabricating inaccuracies, tube 
irregularities nie kel oxide deposits Irom annealing op- 
erations, and excessive tube hardness. Welding-in makes 
possible the use of heavy wall tubes which cannot be 
satisfactorily expanded 


Your inquiries are invited 

THE LUMMUS COMPANY. Heat Exchanger Divi- 
Sion IBS Madison A venue New York 17 N. 3 
Atlanta * Boston * Chicago * Rock Island + Cincinnati 


Detroit Houston * Tucson * Tulsa * Salt Lake City 
Minneapolis Pittsburgh Rochester Albany 
St. Louis * San Francisco * Wayne ( Phila.) * Athens 
Buenos Aires * Honolulu * London * Manila * Toronto 


* San Juan, P. R. * Mexico City 


Fabricated Piping Division Plant at East Chicago Ind. 


Paris . K me * Lima 


Steam Surlace Condensers * } vaporators * Extraction 
Bleeder Heaters Steam Jet 
Refri Heat Ex- 
chen ers for PP Process 
Condensers * Pr pe / 


Steam Jet Air Ejectors * 


Barometric Condensers * 
ocess and Industrial Use + 


ne ( 


eraholr 


OF ler Ms 


LUMMUS 


THE LUMMUS COMPANY HEAT EXCHANGER DIVISION, 385 MADISON AVE., NEW YORK 17, N. Y. 
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Hot Process Softeners 


These are Cochrane products 


...for Process and Boiler Feed Water Applications 


WATER CONDITIONING EQUIPMENT 


HEATERS AND DEAERATORS 


Deaerating Heaters « Cold Water Deaerators « Open 


Feed Woter Heaters *« Metering Heaters * Marine 
Deaerators * Deaerating Hot Water Generators 


WATER SOFTENING EQUIPMENT 


For Process and Boiler Feed Applications « Hot Process 
Water Softeners « Chemical Feeding Equipment « Hot 
Lime —Zeolite Softeners « Chemical Proportioners 
Deaerating Water Softeners « Rapid Reactors « Zeolite 
Softeners « Dealkalizers « Demineralizers « Decarbon- 
ators & Degasifiers « Salt Splitting By lon Exchange 


@ FILTERS 
Pressure Filters « Oil Removal Filters « Filtering Materials 
@ CONTINUOUS BLOWOFF SYSTEMS 


Flash Tanks ¢« Sample Coolers « Heat Exchangers 


STEAM SPECIALTIES AND DRAINAGE EQUIPMENT 


@ MULTIPORT RELIEF VALVES 

Positive Action for Pressure and Vacuum Relief « Atmos- 
pheric Relief Valves « Foot Valves « Back Pressure Valves 
Condenser Relief Valves « Water Check Valves « Flow 
Valves 

CONDENSATE DRAINAGE EQUIPMENT 


Multiport Drainers « Dischargers « C-B Condensate 


Return Systems 

SEPARATORS AND PURIFIERS 

Steam Purifiers « Steam & Oil Separators « Receiver 
Separators 

LIQUID LEVEL CONTROLLERS 


Internal Pilot Actuated Regulating Valves « Float Boxes 


MISCELLANEOUS 
Sight Glasses + Exhaust Heads 
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Demineralizers 
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Deceretors Dealkalizers 
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A complete complement of water 
conditioning equipment, manufac- 
tured by a single company . . . 
under a single responsibility. 
Cochrane will be glad to help 
you choose the right unit for your 


needs. Coll us today. 


Cochrane 


co RP ORATION 


3109 North 17th Street, Philodeiphia 32, Pennsylvania 
NEW YORK «+ PHILADELPHIA + CHICAGO 

Offices in thirty principal cities of U.S.; Toronto, Coneda; 

Menico City, Mexico; Paris, France; Hovena, Cuba, Corecess, Venezvele 

Sen Jven, Puerto Rico; Honolulu, Hawaii 


Pottstown Metal Products Division — Custom Built Carbon Stee! & Alloy 
Products 


C100.13 
ee A NR) A RNR see a ae I 


COCHRANE CORPORATION 
3109 NO. 17TH ST., PHILA. 32, PA 


Please send me literature on the following Cochrane 
products 


Nome = Ne 


Company 


Address —_ 


City lone Stete..... 
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Reactors Centinuous Biow -Off Specialties C-B Systems 
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for Saving Fuel 


The fuel saved by the average system of Hagan Automatic Combustion Control pays 
back the initial investment within the first year of operation. Comparable savings 
continue as long as the boilers last. This is a clear profit, amounting to many times 


the price of the Hagan Automatic Combustion Control. 


The indications and records of Hagan Ring Balance Instruments provide the 


operators with the performance picture necessary for maintaining top efficiencies. 


The design and construction of all components stress durability, accuracy and 
versatility. There is a system of Hagan Automatic Combustion Control and Ring 
Balance Instrumentation for every boiler plant, with any number or size of boilers, 
Operating at any steam pressure and temperature, and burning all types of fuels, 


singly or in multiple. 


Hagan methods and Hagan equipment are also operating successfully 
in such applications as: 


© Boiler drum water level control, with auto- © Recording, indicating and integrating flows 
matic set point adjustments available. of water, steam, liquid and gaseous fuels. 
® Superheated steam temperature control. © Simultaneous records of two separate flows, 


measured in a single meter housing. 
® Steam pressure reduction and spillover 


control. © Pressure and temperature compensated rec 


ords of steam and gas flows 
® Draft or pressure control over a continuous 


range from fractions of an inch water col- © Density compensated records of boiler drum 
umn to 5000 psig water level. 

* Feedwater heater pressure or temperature ® Pneumatic and electric signal transmission 
control for remote recording. 


For modernization or extension of existing installations, or for new construction, our engineers 
will be glad to suggest the best system to fulfill your requirements, 


HAGAN CORPORATION 


HAGAN BUILDING « PITTSBURGH 30, PENNSYLVANIA 


wee Boiler Combustion Control Systems * Ring Balance Flow and 


BUROCMIN 
CALGON 


Pressure Instruments ¢ Metallurgical Furnace Control Systems ¢ 





Control Systems for Automatic and Aeronautical Testing Facilities 
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Pressure/Temperature Barrier Broken 


Every day sees dramatic new 
applications for Flexitallic Gas- 
kets at pressures and tempera- 
tures unheard of even a few 
years ago. 


For Flexitallic engineers, it is a 
continuing challenge to design 
new gaskets based on the origi- 
nal Flexitallic Spiral-Wound 
Gasket construction to meet 
these conditions. In jet propul- 
sion, advanced aircraft design, 
atomic energy, power plants, re- 
finery processes, chemical proc- 
esses, Diesel engines, ships of 
the U. S. Navy and merchant 
marine — Flexitallic Gaskets 
are preferred. 


Gaskets that are too “soft” crush 
under the applied load .. . gas- 
kets that are too “hard” resist 
compression .. . neither makes 


a r seal. Flexitallic Gaskets 
~ atways calculated and con- 
a ructed to-meef flange design. 


Baty ip~th 


way can proper 







*Not all op al w i gaskets are Fl 
stamped int the metal spire 


for lesitallic Blue t's our exclusiv 





Each Flexitallic Gasket is engi- 
neered to meet specific condi- 
tions of thermal and physical 
shock, corrosion, vibration, weav- 
ing and unpredictable joint 
stresses. Spirally-wound V- 
crimped plies of required metal 
with alternating plies of proper 
filler results in a resilient gasket 
having characteristics of a cali- 
brated spring. 


Flexitallic Gaskets are at highest 
efficiency when bolted up cold 
at a predetermined load. For all 
pressure/temperature ranges 
from vacuum to 10,000 Ibs., from 
extreme sub-zero to 2000° F. 
For all standard joint assem- 
blies. In diameters to 84” O.D. 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts., Camden 2, N. J. 


Representatives in principal cities 


SPIRAL-WOUND GASKETS 


FLANGES, PRESSURE VESSELS AND PROCESS EQUIPMENT 


Look f the name FLEXITALLIC 
ry genume Filexita Gasket. Look 
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An Imaginative Solution to Fuel 
Shortages 


One of our contemporaries, Power and Work 


Short-Term Fuel 


British 
Engineering, in its December editorial, 
»our mind the project of transport 
oil fields by barges in refrigerated 


Prospects, recalled t 
ing natural gas from 
containers at atmospheric 
uled for introduction on the Mississippi River is intriguing 
this 


pressure. This project sched 


in its possibilitic \s our English cousins see it 
project, if successful economically, could make available 
the natural gas released in the oil fields of the world to all 
the markets no matter where they be. And so it could 
Briefly the project originally envisioned would entail 
liquefying natural ga in the Gulf 
Coast area, loading it in insulated tanks set on barges and 
moving the cargo at atmospheric pressure up the Missis 
sippi and Illinois Rivers to the Union stockyards at Chi 
There the gas would be vaporized and used for fuel 
purposes. Further th 
erating energy released in this vaporization process would 
be employed in chilling and cold storage of meats. In ad 
dition to the value of the gas as a fuel the available re 


principa'ly methane, 


cago 
tremendous amounts of refrig 


frigerating energy, according to expectations, would be 


worth the equiy ilent 
The project's initial construction costs are held to be 
deliver 


if five cents per Mef 
less than half that for major gas-transmission lines 
ing the same volume of gas 
tion, itis hoped, will be relatively inexpensive 
operated largely off the small amount 
tanks with 


Power for barge transporta- 
since the 
tow-boats could be 
of natural gas evaporating from the 
some liquid kept in the tanks at Chicago for fuel for the 
return trip. Actually, though, 
await the of experience 


storage 


operating costs must 
Therein lies the 


new form of fuel transportation 1s 


grim fit 
answer to whether 
with us or not 

We shall follow devel 


will, of course, thx 


ypinents as closely as possible as 


upply industry and the very rich 
Che existence of a liquefied gas barge 


ike it possible to bring the natural 


market it serve 
system would truly m 


of oil fiel ill over the world to any market 


gas suppli 
Further, 


pleted there would bi 


is new supplies came in or old fields became de 


pr »blems of disposal of old or 


capitalization of transmission lines. Certainly, 


ippealings 


this is a most apy prospect 


Recognizing Young Engineers 


Studies in psychology and sociology have provided 
ample evidence that two of the most fundamental human 
desires are the wish for security and the wish for recog 


nition Like other human needs, these wishes can be 
t are self-defeating, as was pointed 
entitled The Myth of 


February, 1950, issue of Com 


carried to extremes tl 
out in an editorial Security 


which appeared in the 
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BUSTION. Evidently times are changing, for in con 
trast to this overemphasis upon security, now happily 
past, the young engineer has all too often been the 
unintentional recipient of insufficient recognition, Ac 
tually this has generally been caused by a combination 
of oversight on the part of management and the natural 
human tendency for executives to continue playing the 
team that has achieved suceess for their enterprise 

Yet one of the basic characteristics of the free enter 
Large industrial 
hundred 
young en 


throughout 


prise system is its dynamic quality 


employ recent 


organizations may several 


year hese 
gineers have growing intellectually 
their college days, and the more promising among them 
have also gained leadership experience in extracurricular 
activities. For their own development, 
this growth must be continued, possibly even accelerated 
\t the General Assembly of the Engineers Joint Council 
held in New York on January 21, E. L. Chandler, assist 
ant secretary of the ASCE, referred to management and 
employee responsibility in engineering as follows 

Young men of professional spirit want to be recog 
nized and accepted as individual members of their pro 
They want opportunity to prove their abilities 
hey need encouragement It is not at all intended 
to imply that management is under obligation to pamper 
If opportunities for personal improvement 


engineering graduates each 


been 


professional 


fession 


employees 
are made available, it soon should become evident to 
management which employees have the ambition to make 
the most of them 

Phe need for direct recognition increases following the 
completion — of training 
Young engineers may be content to engage in routine 
calculations and time that 
probably varies with their background and temperament 
But sooner or later, the most promising of them will 
healthy that can he 


satisfied only through some sort of recognition of their 


orientation and programs 


testing procedures for a 


evidence the sort of discontent 
efforts by management 

One organization that is doing an outstanding job in 
Westinghouse 
This was 


this direction is the Steam Division of 
Electric Corporation at South Philadelphia 
evidenced at a conference for technical editors held last 
month to mark completion of a new development lab 
oratory for steam and gas turbines 
pressive than the extremely well equipped facility wer 
the quality and the morale of the young engineers. The 
and they not 


Even more im 


vast majority of them ranged under 35, 
only conducted the inquisitive editors through the lab 
oratory but also delivered a series of outstanding tech 
\ strong impression lingered that manage 
staff and was 


nical papers. 


ment valued its engineering making a 
genuine effort to accord young engineers deserved recog 
nition. This is a practice that commends itself to wide 


spread emulation 
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Weirton Steel Company Installs 


Its Fitth 
High-Pressure 


Steam Generator 


By CHARLES H. LEATHAM, JR. 


Project Manager, The Rust Engineering Co. 


This article describes the installation of 
a 400,000 lb-per-hr tangentially fired stearn 
generating unit designed to burn pulver- 
ized coal, coke-oven gas and blast-furnace 
gas. One of the most interesting problems 
was the erection of this unit in a relatively 
confined area, as shown by the accompany- 
ing illustrations. 


HEN the Weirton Steel Company of Weirton, 
W. Va., 
planned the 


division of National Steel Corporation, 
their No. 4 Blast 
Furnace, they anticipated that its operation would re 


installation of 


sult in an oversupply of blast furnace gas and an increased 
demand for high-pressure steam. It was estimated that 
sufficient blast furnace gas in excess of existing burning 
to produce 325,000 Ib of 


steam per hour at S50 psig, all of which could be profit 


capacity would be available 


ably used to supply new steam demands or to reduce the 
use of coal in the production of steam 

In order to add the necessary capacity and fuel burning 
flexibility to their steam generating facilities, a contract 
was awarded to The Rust 
Pittsburgh, Pa., 


addition to an existing boiler plant to include to a Com 


Engineering Company of 
for the design and construction of an 


Engineering steam generating unit having a 
peak capacity of 400,000 Ib per hr (when burning pul 
versized coal) and a capacity of 325,000 Ib per hr when 
supplied only by blast furnace gas. This unit was de 
signed to burn blast furnace gas, pulverized coal, or coke 


bustion 


oven gas im any desired proportion. However, in 
furtherance of Weirton Steel's plant-wide program for the 
prevention of air pollution, it is intended to make ex 
clusive use of coke-oven and blast-furnace gases in the 
new installation 


After considerable study of several possible sites it 
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View of east wall emphasizes the great height 
of the new structure 


to locate the the site of an 


unused part of the existing boiler plant between two ex 


was decided new unit on 


isting low-pressure boilers. This site had the advantages 
of permitting operation by present boiler room crews, 
being close to the turbine-generator building, and being 
adjacent to existing water, steam and gas lines. Obvious 


its small size and access for 


level the 


disadvantages were poor 
measured only 
10 ft above 


grade the site was further restricted to a width of only 


construction At grade site 


57 ft wide and 64 ft long At a distance of 
50 ft by gas ducts which could not be moved; but at 
this height, and above, it was possible to increase the 
length of the new structure by building above the old 
boilers 

In order to stay within the above site limitations and 
yet provide adequate space, support and access for the 
steam generating unit it was found necessary to locate 
the deaerating heater and pumps in the space available 
above the old boilers at the south of the new unit, and to 
install the air preheater and fans above the new unit 
his design resulted in a building measuring 57 ft by 
64 ft at grade level and 50 ft by SO ft from 40 ft above 
grade to the top, which is 166 ft above grade 

Removal of the existing section of brick and steel boiler 
plant building and excavation for the new building were 
complicated by the necessity of not interrupting oper 
ations of adjacent steam generators or blocking, for any 
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appre iable period rut ks which served the The irby 


Blast Furnace No 


Adequate support for the new structure was obtained 
by pouring a concrete slab 4 ft thick over the entire 
ground floor aré ‘6 tons of structural steel and 


bunker plate were hoisted into place in the structure by 


a guyed derrick whi was progressively moved to the 
the 


boiler parts, SO t 


top of structure The larger equipment items, 


platform and stair steel, and 95 
also lifted by this derrick 
walls of the 


tons of reinforcing steel were 


The north, east and 


{} 


west new structure 


ire constructed of buff brick, while the south wall is con 
structed of corrugat« ilvanized iron to permit removal 


if future high-pressure boilers are constructed between 
the new plant and the four older high-pressure boilers 
Ventilation of the 
ition because of the proximity of Blast Furnace 
the brick 


These louvers measure 


building was an important consider 
No. 3 
Fixed concrete louvers are installed in walls 
of the building at vari 
ibout 4 ft by 


sliding shutters Phe 


us points 
6 ft each and are equipped with aluminum 

lust tight coal conveyor room is 
exhaust fan receiving its air from 
veyor gallery Phe 


n has louvers with filters in the wall 


provided with 30-in 
louvers in the coal con dust tight 
electrical control root 
wx wall of this room exhaust into the 


Operation of the forced-draft 


Iwo fans in an interi 


main building enclosure 


fan will create an updraft of air through the building, 
thus cooling the operating floor and removing the air 
exhausted from the electrical control room Iwo 48-in 


gravity ventilators in the roof are provided to permit 


the escape of hot air accumulating under the roof 
Vew Steam Generator 


The new steam generator is a three-drum, single-pass 


unit manufactured by Combustion Engineering, Inc 
Che furnace measures 20 ft by 22 ft and is completely 
water cooled by 297 closely spaced 3-in. OD tubes 


having a total heati urface of 17,700 sq ft Furnace 


volume 1s 29,500 cu ft \t each corner of the furnace 


there are two burners each for pulverized coal, coke oven 


gas, and blast furnace ga Burners are aimed tangent 


to a small circle at the center of the furnace so that the 


motion of incoming air and fuel causes a rapid swirling 


action within the furnace, thus increasing the effective 


length of flame travel, improving the mixing of air and 


fuel, and lengthening the time and velocity of contact 
between the hot gases and the furnace water walls rhis 
type of firing is cor nly called ‘‘tangential firing’’ and 
has been pioneered d de veloped to an exact scrence 


by Combustion | Ine Che pulverized coal 


ngineering, 


burners and accom ing air nozzles are automatically 


tilted up or down by Leeds and Northrup equipment in 
order to maintain a tant steam temperature at the 


superheater outlet Loke oven gas pilots are provided 
for ignition and are equipped with thermocouples which 
indicator light 


actuate it the panel board to show which 


pilot lights are burt Pilot lights are lighted man 
ually 
Che 


ground level and the 


mud dru f the boiler is located 80 ft above 
two upper drums are about 23 ft 
60 in. in diameter and the mud 


higher. Upper drums are 


pressure parts are designed for an 
operating pressure ol Yz 
of 111 tubes of 3-in 


and the | 


drum is 54 in All 
» psig. The slag screen consists 
outside diameter on 7-in. centers 


main boiler bank contains 1875 tubes of 2'/»-in 


COMBUST IO N—fFebruary 1955 

























View of steelwork during erection indicates limited space 
available for construction 





Main bank of boiler tubes during installation; superheater 
header is in place above and in front of top drum; water 
wall tubes are not yet in place 





Inserting the air preheater tubes 








View of north and west walls showing extension of trolley 
rail for twelve-ton hoist at induced-draft fan floor 


) 


diameter on an average center to center spacing of 3 
in Potal heating surface of the boiler is 30,360 sq ft 
rhe superheater is an Elesco welded-joint type and is 
located between the slag screen and the first row of main 
boiler tubes. In addition to the safety valves required 
by ASME code, the 
with an air-actuated power control valve as manufactured 
by Manning, Maxwell & Moore, In The outlet of 


this valve is equipped with a baffle-type silencer 


superheater outlet is also equipped 


Che air preheater is located above the boiler and con 


sists of 3060 vertical 2 in. tubes through which the 
pass upward on the way to the induced draft 
forced-draft makes two 


ind then 1s conducted down each side 


flue gases 
fan \u 
around the 


from the fan passes 


tubes 
windboxes at the 


of the steam generator to the burner 


Because air temperatures are expected 


700 F, 


operating floor 
to be as high as W000 sq it of high te mperature 


block were required for insulating these ducts 


luxtiiary equipment 


Phe forced-draft fan is located on a heavily reinforced 
floor 116 ft 


4 Ompany 


concrete ibove ground level Che fan is a 
Buffalo louble double-inlet 
unit with outlet damper control and single angular up 
will 141,000 efm ol 
13.6 im. when 

Fan blade 
have a backward curve rendering the unit non-overload 
00) hp il 


Forge width, 


ward discharg The fan deliver 
lOO F ai st a stati 
driven at 1180 rpm, and requires 430 bhp 


again pressure ol 


ing he fan is driven by a General Electri 
duction motor 

he 
above the forced-draft fan is a Westinghous 
No. 1014 TVID unit 
built for this se 


the fan is 463,000 efm against a 


induced-draft fan which is located on the floor 


Sturtevant 
ind is one of the largest fans ever 
that organization ( 


rvicet by ipacity ol 


static pre ure of | t.61n 





\ 1500-hp induction motor rotates the 
fan at a constant speed of 600 rpm. Inlet dampers are 
provided required that the 
be mounted with its center line & ft, 6 in. above the 
floor. Removal of the rotor, which weighs about 11 tons, 
will be trolley mounted 
chain fall will be connected to each end of the shaft to 
move the rotor to a small car running on tracks in front 
of the fan. This car will then be moved the length of 
the building until it rests under the 12-ton electric hoist 
which is moved by electric trolley on a monorail ex 
tending about 20 ft outside the building. The electri 
hoist will then lower the 150 ft 
minutes to a truck or rail car at ground level 
rotor 1s stored at the induced draft fan level under the 
rear the hoist trolley rail rhe electri 
hoist and trolley were manufactured by Shepard-Niles 
Doors or bricked up openings are provided at each of the 
permut this 


and at 525 F 


Space arrangement fan 


a complicated procedure \ 


rotor about in eight 


A spare 


end of same 


principai floors of the building to use of 
hoist for replacement of other equipment 

rhe steam generator is equipped with eight Diamond 
Power Specialty Corp. long-retractable sootblowers and 
fourteen short retractable units with wall boxes provided 
for an additional eight long-retractable units if futur: 
installation. 650-psig 


should their 


steam, obtained by use of a reducing valve, is used as the 


conditions require 
blowing agent, and compressed air supplies the power to 
blowers and operate their individual 
\ panelboard at the front of the boiler on the 
yper 


move the steam 
valves 
operating floor controls the automatic sequential 
ition of the sootblowers 

Coal is conveyed to the new building by a Chain Belt 
Company belt 177 ft from 
center to center of end pulleys. This conveyor receives 
coal from the end of the coal conveyor serving the four 
older high-pressure boilers. Electrical interlocking is 


provided between the old and new conveyors to prevent 


24-1n conveyor measuring 


coal being dumped on the new conveyor when it is not 
running. A_ self-propelled tripper 
desired along the 50 ft length of the new bunker, which 
3400 sq ft of steel 
Coal 


drops by gravity through vertical cylindrical chutes to 


distributes coal as 


has a storage capacity of 350 tons 


plate were employed in construction of the bunker 


the pulverizer feeders and is measured by Bailey coal 


meters while enroute 
The coal conveyor is supported between the old and 


new buildings on a structural steel bridge measuring 


about 90 ft long his bridge is enclosed on the sides 


and roof with galvanized corrugated iron. Floors at 


front and rear of the conveyor itself are made of precast 
convevor 
Adjustable 


walls 


under th is en 


steel 


concrete slabs, and the area 


closed by removable sheet plates 


alununum ventilating louvers are provided in the 


of the gallery 


Two C-E Raymond bowl mills are located on the 
ground floor and receive their coal from the feeders 
located on the operating floor. Each feeder is driven 


by a 2 motor. Each pulverizer 


has a capacity of 23,800 Ib of coal per hour ground from 
three-fourth inch lump to 70 per cent passing through a 
Maximum demand for coal at peak 


hp variable speed d-« 


200 mesh screen 
400,000 Ib per hr 
13,300 Ib per hr 

each of the four corners of the 


output of the boiler is estimated to be 
Each pulverizer serves one burner at 
furnace and is driven by a 


250-hp induction motor 
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Fuel Supply 


gas is brought to the new unit by two 
an existing duct termi 


Blast furnace 
48-in 
nating about 50 ft 


lines which branch from 
iorth of the new building. 
northeast and 


One ol 
these new lines serves the burners at the 
northwest corners of the furnace and the other line con 
t side of the building and serves the 
burners at the southeast \ 48-in 
butterfly provided in each of the new lines and 
automatically cor 
and flow at the four 
flow of gas if main line pressure drops 

1 operation of the boiler is obtained 


tinues along the wes 
ind southwest corners 
valve i 
trolled to provide equal gas pressure 
sets of burners and to restrict the 


Treated water fi 
from an existing water treatment plant located at the 
of the older high Iwo 
level of the new building pump this 


boilers booster 


rear pressure 


pumps at ground 
heater which is located approxi 
Dayton- Dowd 


ipacity of 1500 gpm each against 


water to the deaerating 


mately 70 ft highes These pumps are 


Peerless units with a « 


a discharge head of 150 ft 


75 hp General Electric 


One pump is driven by a 


induction motor and the other 


by a Terry steam turbine 


The deaerating heater was manufactured by Elliott 


Company and is a tray type unit with horizontal storage 
tank Che unit is of the “‘thoroughfare’’ design in which 
low-pressure steam flows through the heater enroute to 
other uses. Inlet and outlet 18-in. connections of the 
heater are made on the upstream and downstream sides, 


respectively, of a butterfly valve installed in the 24-in 
main exhaust steam header. Opening of the butterfly 
valve is controlled automatically in response to variations 


of feedwater temperature Che deaerating heater has a 
capacity of 600,000 lb per hr of zero oxygen feedwater 
and the storage tank has a 2000 cu ft capacity, or about 
12 min at maximum output 

Two boiler feedwater pumps are located on the floor 
below the deaerating heater hese pumps were manu 
factured by the Ingersoll-Rand Company and each has a 
capacity of SOO gpm against a discharge pressure of 
1050 psig. Each pump is direct-connected to a General 
Electric 700-hp, Piping to 
and from the pumps permits either pump to serve the 
new boiler or the older high-pressure boilers and permits 


3550 rpm induction motor 


either pump to receive its water through a separate by 
pass around the deaerating heater, if required 
A Hagan three-element system of feedwater control 


ur operated valves are controlled 
in parallel by a single set of flow, 
easuring and transmitting devices 


isemployed. Two 4-i1 


feedwater steam 


flow, and drum level 1 


rhe system incorporates a blowdown compensator 
unit 

On the same floor as the boiler feedwater pumps, and 
near them, there are two Dayton-Dowd service water 
pumps each having a capacity of 1000 gpm against a head 
ot 220 it hese pumps are driven by 75-hp, 1750 
rpm induction motor ind supply water for bearing 
cooling and other purp throughout the new boiler 
plant 

Ash handling faciliti were manufactured by the 
Hydro-Ash Corporation and consist principally of an 


extension to the existing hydraulic sluicing system. Bot 
tom ash is collected 1 brick-lined steel ash hopper with 
normally dry botto Ithough the construction of the hop 
per will permit flooded operation. Sluicing nozzles are 


provided for ret | of this ash through a hydraulically 
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Coal conveyor gallery between old building at the right and 
new building on the left 


operate d door Dust and fly ash from the rear passes of 
the boiler are dry vacuum to a water jet 
exhauster which discharges them to the sluice extension 
is located out of line with the older 


conducted by 
rhe new sluiceway 
system and is at a higher elevation so that interconnect 
ing them required the use of a sloped section with nozzles 
to provide right-angled turns at either end. The venti 
lating system of the ash tunnel was changed to permit 
at the end of the old sluice 

pe rsonnel elevator at the 


new sluice 
to the 


connection of the 
iccess 


and to provide 
ground floor 


Design of Piping System 
Che piping system of the new station was designed for 
the greatest possible adaptability to present and future 
plant needs The new boiler can deliver its steam either 
to the header in the turbine-generator room or through 
) 


a pressure reducing valve to the main 225-psig steam 


Motor ope rated valves art employed to isolates 
the reducing to shut off the 
new boiler, or to operate the reducing valve with steam 
The pressure reducing and 
100,000 Ib of 


Main 


system 


valve, main lead from the 


received from other boilers 
desuperheating station has a capacity of 
steam per hour reduced from 825 to 225 psig Phe 


reducing valve is a Fisher, type 7-6, 6 in. by 6 in., with 


piston operator and has a capacity of 250,000 Ib per hr 
Phe additional capacity required is obtained by manually 
controlling the flow through a 6-in. globe valve arranged 
is a bypass for the main valve Hagan instrument 
coutrol the operation of the reducing valve as well as the 
to the 


in the low pressure line 


flow of water Hagan steam-water nozzles located 
Phis reducing-desuperheating 
boiler feed 


instruments and controls are in 


station is located on the same floor as the 
water pumps, and its 
stalled on a panel board along with 
for the 

Electrical service to the 


6900 ¥v, 60 cycles 


imilar instruments 


boiler feedwater pump 


new station is received at 


3 phase, Che electrical control room is 
i dust tight structure located above the coal bunker and 
beneath the floor Main cubicie 
breakers control power from the incoming feeder and out 
Blast 


for th 


forced draft fan type 


iN } 
Furs ice sO, 3 


to the older high-pressure boiler 


and the local larger mo 


tation service Starter 
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tors are housed in cubicles adjacent to the main breakers 


\ power transformer is also located in this room and it 


upplies 480 }-phase service for the smaller motors 
\ 480-9 
ind six 1600-amp branch breakers is provided adjacent 
to the Phe 480-y 
trolled by starters conveniently located throughout the 
plant Phe 
by Allegheny Industrial Electrical Company, Inc 

The 6900-v motors driving the forced draft fan, the 
induced draft fan and the two boiler feedwater pumps are 
Other 


switchgear including a main 3000-amp breaker 


power transiormer motors are con 


complete electrical installation was made 


of drip-proof construction with type B insulation 


pump motors and the motors driving the pulverizer and 


air compressor are all totally enclosed, fan-cooled units 


Instrumentation and Combustion Control 


in the new plant is principally of 
Combustion 
Panel 


Instrumentation 
Bailey Meter Company 
control is basically a Hagan Corporation system 


manulacture 


boards were designed and factory assembled by Hagan 
Corporation. Instruments and controls are centralized 
on the main control panel measuring about 23 ft long 
and installed opposite the front of the new steam gen 
erator, Steel plate enclosure is provided above the 
panel to the under side of the roof over the ‘‘lean-to 
section of the building, and at each end of the panel to 
the rear wall of the lean-to rhis provides a dust-tight 
room at the rear of the panelboard measuring 7 [ft by 
23 ft by 10 ft high \ battery of control relays, sedi 
mentation traps and other devices not mounted on the 
rear of the but 
mounted on the rear wall of this enclosed room 
and wiring installed on the board at the factory termi 
nates in connection blocks or terminals at the top of the 
Except where pressure or temperature 


board related to its operations are 


Piping 


panel board 
required the use of steel pipe, instrument and control 
piping throughout the plant consists of Bailey multi 
conductor copper tubing in steel armored housing 

In general the control scheme is intended to burn all 
available blast furnace gas and coke oven gas in the fur 
nace and use coal only to supply the necessary steam 
when gas supplies are inadequate. Gas valves close 
whenever pressure in gas mains falls or whenever boiler 
pressure exceeds the set limit even after all coal flow has 
been stopped rhe master sender provided for the new 
unit is mounted on the panelboard in the older boiler 
house and acts as a spare for the original master sender 
Manual controls on the old board permit shifting load 
either to or from any of the five high-pressure boilers 


\ Bailey 


sampling is arranged by use of 


smoke density recorder is provided Gas 
a bypass pipe around 
the induced-draft fan 

Air for the operation of the control system is provided 
by a Fuller two-stage, water-jacketed rotary compressor 
122 cu ft of minute 


100 psig 


capable of delivering free air per 


a discharge pressure of This unit is 
a 30-hp totally enclosed, fan 
a 30-in. diam by 7-ft 
high vertical air horizontal Ross 


aftercooler, and a Hankinson cendensifilter 


against 
driven at 1750 rpm by 


cooled motor Auxiliaries include 


receiver, a 27 sq ft 
water-tube 
\ connection to air lines in the old boiler house is pro 
vided between the receiver and the condensifilter, so that 
unfiltered air may be supplied to or received from the 


existing air supply system as required 
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The height of the new building made it imperative that 
in elevator be provided for operating personnel and for 
repair parts The location of a shaft for this elevator 
was one of the most difficult problems of design, but a 
shaft finally ac 
commodated in the southeast corner of the gound floor 
area rhe Otis Elevator Company installed an elevator 
of 4000 Ib capacity with a travel speed of 100 ft per min 
Machinery for this elevator was installed in a brick en 


closure at the top of the shaft directly under the main 


ipproximately eight feet square was 


roof of the building 

As design of the building progressed it 
possible to provide a machinery hatchway, approximately 
eight feet by ten feet for the height of the building and 
the boiler feedwater pumps. Monorails 
were provided above the pulverizers to a doorway near 
the ceiling and measuring 9 ft wide by 14 ft high for re 
moval of equipment from the ground floor to the rail 
tracks west of the building. It is also possible for the 
12-ton electric hoist, provided for induced-draft fan serv 


was found 


adjacent to 


ice, to receive loads at several floors reachable by the 
machinery hatchways and deliver them to the tracks. 

It is anticipated that the new steam generator with its 
relatively high operating efficiency, 79.5 per cent on blast 
furnace gas alone, 86.3 per cent on coal alone, will effect 
considerable fuel economy for the Weirton Steel Company 
Che peak capacity of 400,000 Ib of steam per hour added 
to present facilities without removal of any old equipment 
and without the selection of a site isolated from present 
operations will also provide the maximum economy of 
operating labor and other cost factors 
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Control of Engineering Costs 


By K. W. REECE, Vice President, Ebasco Services, Inc. 


The ways and means by which control can 
be established over engineering costs are of 
considerable interest to engineering man- 
This paper 
methods to achieve this goal of a higher 


agement. outlines certain 


quality finished project for a low cost. 


NGINEERING accounts lor an important segment ol 


the expense of building facilities to meet the needs 


of people everywhere The magnitude of engineer 
the size of the project, its geo 
The 
) per cent on a very large project 
the 


smaller projects with many intricate problems present 


ing cost depends upor 


graphical location and its complexity total ex 


pense may be as low as 
cent ol total cost on 


and as high as 15 or 16 per 


The engineering cost usually falls into three general 


categories 


Preliminary investigations and planning 
Design and general engineering 
Field engineering during construction 
\s a rule more than three-quarters of the total en 
gineering cost is in the design and general engineering in 
connection therewith 


each of 


Chis paper deals separately with 


these categories, with the design and general 


main subject. The figures used and 
the 


of the company with which the writer is associated 


engineering as the 


the methods suggested are drawn from experience 
ind design is the very heart of a 
project In money spent on first 
class engineering is well worthwhile as it makes for an 
overall lower cost of the 


suitability for the purpose for which it is designed, low 


Good engineering 
successful general, 


project and fosters long life, 


operating costs, a high degree of reliability and the other 
characteristics of superior service 

engineering costs should not be 
towards cutting down with a view to 
getting a very low dollar expense for this work. The 
ind its effect on the project, should 
within these 
is a wide field for money savings for 


Therefore control o 
directed solely 
quality of the work 
be the 
limitations there 
the benefit of the client in envisioning the project, and 


prime consideration However, 


putting that vision down on paper, ready for the con 


struction forces 


Preliminary Investigations 


\ project generally starts as an idea. This idea must 


be developed, promoted and financed before actual con 


struction starts Che amount of work involved in doing 


this may be considerable, and includes a wide range of 


talents It generally comprises a substantial amount of 


first-class engineering services by people especially 


skilled and suited for the type of work that is required in 


* Presented at the Meeting of American Society of Mechanica 


ki ngineer ‘ 28- De 54 ew York, N. ¥ 
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determining the feasibility, scope and general features 
of the proyect 

Phe amount of money spent on this engineering phas« 
of the project is controlled by the competence and ex 
of the 


ments of governmental bodies and the need for infor 


perience people employed upon it, the require 
mation to solve the many business, legal, location and 


technical problems involved. Management can do 
little to control such costs exce pt to see that adequate ly 
qualified people are assigned to the job, to make sure 
that the objectives are kept clearly in view and no lost 
motion is allowed to develop 

In some cases the client does its own preliminary work, 
and then the project 1s turned over to the protession il 
engineering organization to design In other cases 
the preliminary work is done by the same organization 
that designs the project 

here are 
work 
carried out concurrently 
tends to increase the cost of the engineering work, but 


does not alter the principles of control set forth in this 


where little or 
where it 
This situation 


instances, ol course, no pre 


liminary has been done, and must be 


with design 


paper 

For purposes of simplification, this paper assumes that 
the location and general features of the project have been 
determined from the preliminary investigation by the 
time it has been turned over to the professional en 
gineering organization for design and general supervision 
of construction 


Field E-ngineering 


Field engineering during construction usually is an 
integral part of job supervision, and its cost is controlled 
by the same methods and supervision as is the total con 
struction cost 

There are situations, however, where part or all of the 
design is done in the field as part of the field engineering 
Where the construction work is let to a contractor on a 
unit price basis, the owner may maintain an engineering 
the work, and make sure that 
the contract is being carried out as specified 

rhis paper that 
generally directed by a professional engineering organ 


organization to inspect 


assumes the job is designed and 
ization, that the field is furnished complete construction 
drawings as needed, and that no separate field engineer 


ing organization 1s required 
General [:ngineering and Design 


Fig. | shows the division of design and general en 
gineering cost between the engineering component and 
the drafting component for five typical jobs. These 
proportions will vary between organizations depending 
on the division and classification of work Phe dividing 
line between engineering and drafting is in many cases 
flexibl Also, 


titles vary widely and in some instances a considerable 


quite and indeterminate department 
amount of engineering work may be performed in the so 


called drafting department and costs consequently re 


45 





100% TOTAL 





























ENGINEERING Ammer 
cost | > | 7 
270, \247) 
ENGINEERING \|36.3, [32.5 re | x | | % | pas 
component '/i% | |%| |” | % 
| | ba P vA 
r 1 ] | | | 
j / i 
| ’ 
.- 
| | 
637 \675 689 [730 |753) 697 
OnarrTinG Ow! iu] |%] [wl fs] % 
COMPONENT “y 
| 
| | 
| 
dell | | 
| i | | 
_ oot | bo LL ; 
PROJECT A B Cc D E AVERAGE 


Fig. |1—The division between the design and engineering 
cost between the engineering component and the drafting 
component for five typical jobs shows above 


corded as drafting In other instances, the reverse may 
be true with a resulting lower percentage ol total cost 
attributed to drafting 


far the larger part of this portion of the engineering, re 


Che important point is that by 


gardless of terminology, is especially susceptible to sound 


cost control methods with resulting savings of sub 
stantial extent 

In a more leisurely period in engineering history the 
entire design of a project was completed prior to the start 
of construction work. This is still done to some degree 
when lump sum or unit price contracts are let for entire 
jobs. More however, substantial savings in 


interest and other costs are realized by clients through 


and more, 
starting actual construction very shortly after authori 
zation and before the design work has progressed very 
far. Fig. 2 shows the typical distribution of the engineer 
ing cost of such a project with a thirty-month period from 
start to completion 

loday most projects are complex, and call for a wide 
variety of engineering talent Any such schedule as the 


one shown by Fig. 2 a concentration of men, 


and careful organization to avoid high engineering cost, 


requires 


delays and bottlenecks which can and generally do, run 
up the construction cost 


Essential Factors 


In organizing engineering work for the most efficient 
production at the lowest possible cost consistent with the 
highest quality, some essential factors must be recog 
mized 

(1 The engineering and design work is not an end 
in itself but must be integrated with the construction of 
the project 

(2) A 
scheduling the design work 

(3) Purchasing should be 


construction schedule is essential prior to 


scheduled to insure the 
receipt of manufacturer's drawings in ample time 

(4) Decisions should be made early enough to allow 
the design work to go forward in an orderly manner 
Changes are costly and should be held to a minimum 
However, sometimes they are unavoidable or may be 
desirable. Changes should be made only after proper 
consideration has been given to technical and economic 
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Fig. 2—Typical distribution of engineering costs of a project 
initiated before design work had been completed and carry- 
ing along tor thirty months to its finish 


factors. It is usually wise to explain to the client the 
reasons for the change and that it will mean an increase 
in engineering cost 

(5) Due dates for drawings should be established on 
emphasized too 


basis This cannot be 


Once established every effort should be made 


a realistic 
strongly 
to meet the schedule 

6 The engineering and design-drafting personnel 
should be competent and also should be willing and able 
to produce rapidly and accurately 

These factors are essential to realize the lowest possible 
engineering costs, but of course they are even more im 
portant in assuring a high quality project built on time 
and with a minimum of confusion and friction. 


Organization 


Good organization is prerequisite to control of en 
gineering cost, in order to 


Fix responsibility 

Make decisions 

Insure prompt transmission of information 
Coordinate the effort 

Avoid duplication 


It is easier to secure the desired results if the pre- 
liminary work, design and general engineering and field 
engineering are done by the same organization. The 
personnel involved have had experience in working to- 
gether. The preliminary work is generally carried out 
so that it can be picked up by the design and project 
engineers without lost motion. The designers know from 
experience the needs of the construction forces, and the 
field in turn knows just what to expect from the design 
office. These factors all make for lower engineering 
costs 

\ type of organization for the design and general en 
gineering work which has proven to be effective is as 


follows 


(1) A group of department heads, consuttants and 
their staffs skilled in the various fields of engineering in 
volved, is available for consultation, advice and direction 
(2) If the job is large enough, a coordinator is as 
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signed to the job Hy luty 1s to see that the job goes 


} 


smoothly and that dates are met on schedule, not only 


in the case of drawings but more importantly that de 
cisions are made, equipment specified and purchased, 
and all other items are handled promptly in order that 
the required construction drawings can be processed in a 
sequence that meets construction requirements 

3 A project engineer is assigned to each job from 
the engineering division whose services predominate or 
are controlling, Thus, for a steam electric generating 
station the project engineer would be a mechanical 
engineer whereas for a hydroelectric generating de 
velopment the project engineer would by a hydraulic 


engineer. General responsibility for a project is the 


project engineer s \ good project engineer must not 
only be technically qualified but must be qualified as an 
idministrator and diplomat as well 

! rhe design department is headed by a super 


intendent It is set up in five divisions, namely, Archi 
tectural-Structural Concrete-Hydraulic, Ele trical, 
Mechanical, and Industrial, each with a chief rhe 
staff in each division 1 


size to suit job requirements, and each is supervised by a 


divided into squads, of proper 


quads turn out the design drawings 
his organization has many other duties than the ones 


squad leader. The 


outlined in this paper, but those named above directly 
bear on the control of the cost of the engineering work. 


loo (Control of Cost 


Written schedules, estimates, progress reports and 
records are necessary tools in controlling costs. The 
scope of the average job is so great, it moves ahead so 
swiftly and the number of people engaged on it is so 
large, that proper supervision of cost by inspection, in 
tuition and impression is impossible 
The following ten forms, developed from long experi 
ence, are typical of those that are being used successfully 

l A man-day estimate with list of drawings needed 
for the job, to serve as a basis for the engineering esti 
mate and as an overall control 


2 A cost estimate based on the man-day estimate, 


and priced out from experience records, including over 
heads and proper allowance for contingencies 

rhe estimate, once established on a sound basis, serves 
as a budget for all phases of the engineering work appli 
cable to the specific project An estimate is, of course, 
only a target and must be used as such. In order to de 


termine performance: | progress, records are kept, such 
as 

3 An engineer progress report, showing man 
days expended on each drawing and cost to date, and 
per cent of budget expended 

t) A drawing schedule, with spaces for all pertinent 
information such as due dates, per cent of design com 
pleted and engineering approval dates. Progress is re 
corded from start to completion 

5) <A job status report showing the detailed man 


power situation and used to control assigned manpower 


6) A time report used by each individual for record 
ing daily the time worked by jobs to the closest one 
quarter hour 

7) Overtime report prepared by the individual when 
specifically authorized 
yn which each man records, daily, 


overtime is required and 
8) A work report 
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to the nearest one-quarter hour the time worked by him 
drawing numbers 

(9 \ record of drafting time for each drawing, com 
piled from the daily work reports 

10 \n- engineering - to- design -information- sheet, a 
fill-in type, covering the usual primary data required 
prior to start of design, facilitates the transmission of 
necessary information from engineers to designers and 
draftsmen. It provides a check list of information and 
its proper use will prevent the overlooking of vital in 
formation required by the design department 

Phe list of information shown above is basx Itis sub 
ject to adjustment, both in respect to omissions and 
additions, to fit special situations 


Getting Result 


rhe best organization and the finest set of forms will 
fail of their purposes unless they are efficiently used 
lreamwork is essential 

Engineering cost is largely made up of the time spent 
by professional and technical people who contribute 
ideas, services and specialized work according to their 
abilities toward the construction of a useful project 
By training and experience this class of people is ac 
customed to working together. By nature they are 
intelligent. By temperament they are individualists and 


opinionated. Best results are obtained from such 
people by leading them, and not by driving them. One 
of the most effective means of controlling engineering 
costs is to create and foster in each individual assigned 
to a project the feeling that he is playing an iunportant 
part, no matter how small his contribution, in the success 
ful completion of the venture 

rhe machinery will not work well without good 
management. The records for the purpose of controlling 
cost must be well kept, and be available promptly for the 
use of supervisors. Nothing is more useless than statistics 
that arrive after the need for them has passed rhe 
various forms and reports are designed to show where 
overruns appear to be developing and the location of 
road blocks 


correct such situations before they 


Management should move promptly to 
become serious 
Generally simple remedies will work; sometimes more 
drastic steps are necessary Most projects move so 
swiftly that delays and undue deliberation will mean costs 
higher than they should be 

No formula can be laid down that will insure good 
management Some of the economies growing out of 
good management can, however, be listed 

Drawings can be simplified greatly, with substantial 
savings in cost, and without loss of clarity Minimum 
cross hatching and shading, greater use of adhesive overt 
lays or ‘appliques,’ showing only half of symmetrical 
objects and more extensive use of freehand sketching are 
some of the ways Fig. 3 shows a 


to effect these savings v 
typical exterior building elevation rhe masonry work 
is shown in detail and the entire elevation is completely 
shown including repetitive items. Fig. 4 is the same el 
vation leaving out non-essential detail 

Fig. 51s an example of the method of showing a turbine 
pedestal cross section before simplification. Fig. 6 is a 
simplified drawing of the same pedestal using symmetry 
to the 


dimension or symbol costs extra money 


maximum extent Every unnecessary line, 
In the aggre 


gate their omission means substantial savings 
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Fis. 3—Exterior building elevations pictured as above are 
costly with masonry work shown in detail and repeated 


Composite drawings in certain instances save drafting 
cost and reduce the number of drawing 

All applicabl standard hould be followed 

The work « be planned to reduce overtime 
minimum 

The time required for breaks in work periods can be 
yreatly reduced by delivering refreshments to the work 
ireas and with no loss in the benefits of such breaks 

lime consumed in locating required drafting equip 
ment can be substantially reduced by seeing that all 
drafting personnel are adequately equipped 


Phe lowest possible cost of engineering consistent with 
highest quality can be realized by such means as 
(1) Establishing a cost atmosphere in the organization 


and developing cost consciousness in all personnel 


4 Organizing with cost control as one of the major 
objectives 

(3 Defining the major scope of the work early in the 
development ola project 


(4 Releasing for production © design-drafting di 
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Fig. 5—Older drafting procedure applied to a turbine pedestal 
cross-section produces a number of unnecessary lines, di- 
mensions and symbols 
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Fig. 4—Simplified drawing technique employed on eleva- 
tion, Fig. 3. results in much lower drafting costs 


ision only after major scope of work has been established 


ind required detail information ts available 

) Being alert for more economical methods 
doing the job 

6 Providing adequate standard forms and method 
for recording charges and reporting progress as related 
to estimate and budget 

j Making maximum use of established standard 
ind sunplification procedures, particularly in the design 
drafting are 

s Setting up an engineering budget 

io) Providing periodical review of progress and cost 
checking the results against the budget and correcting 
the unfavorable situations disclosed by the check 

(10 Closing out the work as early as possible 

1] Never being satisfied with results from the cos 
standpoint \n economically produced job could al 
ways h ive been produced more econonie ally 

Che chent is the principal beneficiary of the control of 
engineering costs The savings to be obtained are 
ubstantial, and should receive the close attention of the 
professional engineer charged with the responsibilit 



































Fig. 6—Using symmetry to its maximum extent greatly 
simplifies the drawing of Fig. 5 and yet gives all the pertinent 
ata for field needs 
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Nearly 12 bill pounds of steam have been generated inside 


this boiler and its twin. Boilers have never been acid cleaned 


Tubes have never been turbined. All water side surfaces are 


clean-to-metal 





PERFORMANCE 


TURN THE PAGE 
FOR MORE FACTS ON 
HOW IT WAS DONE 





PERFECT WATER TREATMENT PERFORMANCE (CONTINUED)}) 
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BOILER OPERATING DATA 


@ Iwo new boilers were put on line in a South- 
western municipal utility plant at the same time 
late in 1949, Rated capacity of each unit is 250,000 
pounds of steam per hour at 950 p.s.i. Normal 
operating rates range from 150,000 to 175,000 


pounds of steam per hour per unit. 


The Nalco System of water treatment has been 
used continuously in these boilers. Raw water 
softening is by Nalcite* lon Exchange Resins, 
and other Nalco products are used for after- 
treatment, internal treatment, and condensate 
return line protection. Results have been 
perfect. Boilers have never been turbined or 
acid cleaned, and are opened only for annual 


internal inspection. 


* Renistered Trademark 


ON THE JOB 


@ Results like these are encountered every day 
in plants when the complete Nalco System ot 
water treatment is on the job. The Nalco System 
is adaptable to old and new plants of any 
capacity, temperature, or pressure. Whether 
you operate a public utility or a space heating 
boiler, you will find your Nalco Representative 
of real assistance in the solution of your water 
treatment problems. Call him today, or write 


for full information. 


NATIONAL ALUMINATE CORPORATION 
6216 West 66th Place © Chicago 38, Illinois 
In Canada: Alchem Limited, Burlington, Ontario 


SYSTEM ... Serving Industry through Practical Applied Science 
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Fig. 2—Weight of structural steel re- 
quired to support a steel stack 


Fig. 1—Weight of steel in stack sec- 

tions having an outside diameter at 

any section not less than the 
height of stack above that section 
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200 250 5x 350 400 
OF BRICK STACK COLUMN IN FEET 


HEIGHT 
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J 
300 350 400 
STEEL STACK Fig. 3—Brickwork volume for radial 
brick stack columns with brick linings 
for their full height and diameter 
expressed in terms of the inside diam- 

eter of the top of their linings 


The Design and Comparative 
Costs for High Stacks 


By E. J. STANKIEWICZ 


Sargent & Lundy 


URING the past 20 years aerodynamic and meteoro 
logical investigations have been conducted to im 
prove the dispersion of flue gases from steam gen 

erating power stations (1).f This work has determined 
the required stack heights for a given locality in order to 
keep the flue gas concentration at ground level within 
reasonable limits n most cases this has resulted in 
higher stacks which have introduced structural problems 
vibration of tall structures 


Due to the limited data available 


concerning the under the 
action of wind fore: 
for use in analyzing the dynamic action of wind forces on 
stacks it was not immediately apparent that the exces 
sive swaying and ovaling of certain steel stacks was a 
vibration problem that could not be solved by the use of 
conventional static wind loadings and the WVC/TJ flexure 
formula (2, 3 

This paper discuss¢ 
reviews the current practice for designing steel, brick and 


stacks Eco into the 


the vibration of steel stacks and 


concrete omic factors entering 


* Presented at the ociety 


; of the American 
Engineers 28 Dex N.Y 


New York 
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The improved dispersion of flue gases by 
increasing stack heights has introduced new 
problems and economic considerations for 
the engineer. These problems are reviewed 
in connection with our current practice for 
the design of steel, brick and concrete 
stacks. The relative costs of steel, brick 
and concrete stacks are discussed and 
charts presented for use in selecting the 
most economical type of stack. 


selection of a particular type of stack are discussed and 
charts presented for use in obtaining comparative costs of 
steel, brick and concrete stacks 


Vibration of Steel Stacks 


Two forms of vibration can take place in steel stacks 
One form, cantilever vibration, is the periodic swaying of 
a stack perpendicular to the wind direction. The other 
form, ovaling vibration, is the periodic flattening of the 
circular shell of the stack 

Before the importance of considering vibration wa 
recognized, design procedure consisted of converting a 
maximum expected wind velocity into an equivalent 
lateral pressure on the stack. Many steel stacks were 
designed for a lateral wind pressure of 30 Ibs per sq ft on 

rhis pressure approximates a 
Using the 30 lbs per sq ft pres 


the projected stack area 
120 mph wind velocity. 
sure, the stack plates and supporting structure were de 


t Numbers in parentheses refer to milarly numbered reference n the 


Hibliography at end of paper 
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on 6000 pounds per square foot soil 
openings as indicat 


on curves 


signed for stresses and overall deflections that were within 
established limits. No other aerodynamic effects were 
considered 

Based on the above design, low wind velocities in the 
range of 20 to 40 mph were expected to cause only slight 
deflections. These deflections were assumed to be in the 
same direction as the wind. Field observations of stacks 
exposed to low wind velocities often revealed vibration 
perpendicular to the wind direction with deflections that 
approached those expected from a 30 Ib per sq ft lateral 
load 

Analysis of the wind forces revealed that when a stack 
obstructs an air stream, whirlpools of air called vortices 
form alternately on each side of the stack perpendicular 
to the wind direction 
vortex, a negative pressure is built up until the vortex is 
pressure is the lateral load that 


During the formation of each 


shed rhis negative 
pulls a stack from side to side perpendicular to the wind 
direction rhe effect of this alternating load on the 
stack is dependent on the natural frequency of vibration 
of the stack and its supporting structure. Natural fre 
quency of vibration is the rate at which the stack would 
vibrate if it could be struck like a tuning fork. As in the 
case of a tuning fork, amount of impact will not affect the 
frequency of vibration, only the amplitude of vibration 

\ condition called resonance exists when the frequency 
of the alternating load due to vortex shedding equals the 
reso 


Am 


plitude of resonant vibration is further increased when a 


natural frequency of vibration of the stack. At 
nance the amplitude of vibration increases radically 


stack lies in the vortex trail of another stack that is 


within 3'/» to 5'/, diameters, center to center Down 
wind stacks, therefore, tend to vibrate more than the up 
wind stack rhe natural frequency of a stack combined 
with its supporting structure is usually determined by 
either the Ritz method (5 


Calculated frequency normally checks 


or some method of successive 


approximations 
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Fig. 4—-Volume of concrete for steel stack foundations based 
ressure for various stack 
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Fig. 5—Area of lining surface for steel stack sections having 
an outside diameter at any section not less than '/;, the 
height of the stack above that section 


With this 
frequency the resonant wind velocity can be found from 
the following formula 


within 10 per cent of actual field observations. 


I) 
where 
’ Resonant wind velocity in feet per second 
d Diameter of stack in feet 
f Natural frequency of vibration of stack combined with its 


supporting structure in cycles per second 
Strouhal Number, a dimensionless quantity found by field 
observation to generally range from 0.18 to 0.20 
deflection and stresses are 


Resonant dependent on 


energy input due to the magnitude of the alternating 
lateral loads, the length of time the loads are acting and 
Damping 


With no 
the amplitudes of 


the damping forces in the entire structurs 
forces dissipate the energy input of the wind 
damping forces absorbing energy, 
vibration would rapidly increase to failure when the stack 
is in resonance with the wind forces 

Resonant deflection and stresses can be determined if 
resonant wind velocity is converted to an equivalent lat 
eral load by the following formula 


8.0” 
I] 
where 
p, Equivalent lateral load at resonance in |b per sq ft of pro 
jected area 
m Magnification factor, dimensionle ranging from 10 to 15 
for lined steel stacks and 15 to 20 for unlined steel stack 


Resonant wind velocity in fp 


The magnification factors are subject to more field ob 
the data ivailable the 


magnification for downwind stacks spaced 3'/, to 5 


servations. From limited now 
diameters can be taken as 15 for lined and 20 for unlined 


Upwind stacks require a magnification factor of 10 for 
lined, 15 for unlined 


Brick and concrete stacks have very high moments of 
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Fig. 6—Volume of radial brickwork for brick stack linings 


inertia which substantially reduce deflection. In ad- 
dition they have excellent damping characteristics. The 
combination of these two factors has permitted the de- 
sign of brick and concrete stacks to be based on assump- 
tions which do not require an investigation of the vibra- 
tion forces such as are required for steel stacks. For the 
same reason a lined steel stack has better damping char- 
acteristics than an unlined steel stack. Riveted stacks 
have slightly better damping characteristics than welded 
steel stacks due to some yielding of the riveted joints. 
Besides cantilever vibration, ovaling vibration must be 
considered. vibration occurs when the fre- 
quency of the alternating wind loads are resonant with 
the natural frequency of vibration of the stack shell as a 
ring. The formulas necessary to determine the ring 
frequency are given by Timoshenko (5). From this 
frequency the velocity of the resonant wind can be de 
A 100 mph wind velocity 
when a ein. unstiffened plate has 
diameter or a */,-in. unstiffened plate 
diameter. Ring stiffeners should 
resonant wind velocity above the 


Ovaling 


termined from formula (I 
will cause ovaling 
about 13-ft 


has about a 9-ft O-in 


0-1n 


be used to keep thy 
maximum expected wind velocity. 

A typical example of cantilever vibration occurred at a 
mid-west power plant. Four identical stacks were erected 


common center line, spaced about 5 diameters 


stacks were 120 ft high with 9-ft O-in. di 


on a 
apart. These 


ameters and were supported by steel framing on the roof 
of the power plant During erection, before the 2'/»-in 
gunite linings were installed, the downwind stacks vi 
brated. Amplitude } in. perpendicular to the wind 


direction were observed in a 20 mph wind that angled 20 


center line. The magnification 


deflection was found to be 15. 


degrees to the commor 
factor for this resonant 
The effect of 
It was found the lining would lower resonant wind veloc 
With the first mode of 


adding the gunite lining was considered 


ity to about 15 mph resonant 
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Fig. 7—Volume of concrete for radial brick stack foun- 
dations based on 6000 pounds per square foot soil pressure 


vibration 15 mph the second mode of resonant vibration 
would be about 95 mph. Vibration at this velocity 
would be unsafe due to the large wind energy input. 

In reviewing the stack supporting beams, it was de 
cided to increase their depth by welding tees to their 
bottom flanges. This served three purposes. First it 
substantially reduced the deflection at the top of the 
stack due to the support beams. Secondly, stiffening the 
support beams raised the second mode resonant wind 
velocity to about 130 mph. Finally, although it raised 
the resonant wind velocity for first mode vibration of the 
lined stack to about 20 mph, the equivalent lateral load at 
this velocity was well under the design load. The stiffen 
ing added to the support beams plus the damping and 
stiffening from the lining minimized the amplitude of 
resonant vibration. 

These stacks have now been in service for 7 years with 
out any objectionable vibration re-occurring. 


Design of Steel Stacks 


Steel stacks are: designed for the following static wind 
loading in lb per sq ft of projected area, 25 lb up to 
150 ft above grade and 30 lb, 150 ft above grade and 
over. When subject to hurricanes and/or earthquakes 
the above stuck loadit.gs are modified to take care of 
the rhe dead load and 
stati combined and earth 


additional forces. combined 


wind load or dead load 
quake load compressive stresses do not exceed 1'/s 


times the allowable stress given by the tubular column 


> (nw) (nw AW) 
= 2 : III) 
Da L2- (pn) i 


formula (6 


where 
f, Allowable unit stress, psi 
D = Diameter of stack, in 


t = Plate thickness, in 
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Steel stacks designed on the above basis and having a 
diameter at any section not less than one-eleventh the 
height of the stack above that section have, in general, 
been found to be satisfactory from the standpoint of ex 
cessive deflections due to cantilever vibration. As dis 
cussed above, the resonant wind velocity is determined 
and the corresponding equivalent lateral wind loads ob 
tained for the lined and unlined stack to verify that the 
resonant wind loads for either condition do not exceed the 
assumed static wind loading. The maximum deflection 
of the stack is the sum of the deflection of the stack sec 
tion as a cantilever beam, elongation of the anchor bolts, 
deflection of any supporting beams, change in length of 
any supporting columns and rotation of the foundation 

Welded steel stacks have lower maintenance costs than 
riveted stacks and in general have lower initial costs 
Welded steel stacks constructed with a Structural Tee 
circumferential joint have the stem of the Tee projecting 
into the stack to support the lining and the flange of the 
ree exposed on the outside face of the stack. The Tee is 
shop welded to the top ol each course by fillet welds on 
the inside and outside of the stack plate and field welded 
to the bottom of each course by similar fillet welds on the 
inside and outside of the stack plate. The size of the 
lee bar section is determined by the requirements for 
ovaling vibration as discussed above. The minimum 
size Tee is a ST 4-in. WF 10 Ib section. Vertical joints 
are full penetration butt welds as high secondary bursting 
stresses are developed by the differential expansion be 
tween the lining and the stack plates. To help keep the 
stack deflections within reasonable limits, the maximum 
tension on the gross area of anchor bolts is 8000 psi and 
the depth of any supporting beams or girders are not less 
than one-sixth of their span 

The impact characteristics of ASTM Structural Steel, 
Grade A7, have not been satisfactory in a few isolated 
cases where brittle fractures occurred during and after 
repairs had been made to welded steel stacks. These 
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Fig. &—Volume of concrete for reinforced concrete stack 
columns with brick linings for their full height and diam- 
eter expressed in terms of the lining’s top I. D. 


rig. 9—-Volume of brickwork for reinforced concrete stack 
linings 


fractures did not place the stacks in an unsafe condition; 
however, they did indicate that the construction of 
welded steel stacks has in part the same problems that the 
shipping industry has been working on for many years 
regarding the brittle fractures of welded ships. The 
American Bureau of Shipping Hull Steel, Class B, has a 
higher manganese to carbon ratio than ASTM Structural 
Steel, Grade A7. The resulting lower V-notched Charpy 
transition temperature of Class B hull steel makes it an 
ideal material for welded steel stacks. Structural steel 
plates furnished in accordance with ASTM Specification 
A283, Grade C, are widely used for pressure vessels and 
are more easily welded than Grade A7 plates. Either 
material is suitable for welded stacks; however, ASTM 
A283, Grade C, is to be recommended in preference to 
ASTM Grade A7 

Two types of linings are used for steel stacks 
thick lining consisting of 4-in. thick vitrified 
brick with a l-in. lumnite-silica sand mortar backing 
between the brick and the stack shell is one. A 2'/»-in 
thick lumnite-silica sand gunite lining reinforced with a 
heavy wire mesh anchored to the stack plates is a second 

No additional plate thickness is provided for the cor 
rosion of lined stacks except the top course has a mini 
plate thickness. Unlined stacks have a 


A 5-in 


paving 


mum gin 
minimum corrosion allowance of ' \,-in 


Design Of Brick Stack 


Many radial brick stacks for power plant service have 
been designed on the basis of an inside stack temperature 
of 600 F and an outside temperature of 10 F, and a wind 
load of 25 lb per sq ft of the projected area. Stacks sub 
ject to hurricanes have the wind load modified to take 
care of the additional forces. When the stack is subject 
to all the forces acting, the mortar tension does not ex 
ceed 20 psi and the mortar compression does not exceed 
200 psi. The brickwork is laid in a mortar mix consisting 
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Fig. 10—Volume of concrete for reinforced concrete stack 
foundations based on 6000 pounds per square foot soil 
pressure 


of one part portland cement, two parts lime and five 
Phe brick work has a mini 
mum weight of 120 lb per cu ft. The radial brick stack 
lining extends the full height of the stack and has a 2-in 
minimum vented air space between the column and the 
lining. Radial brick stacks designed in accordance with 
the above conditions have sufficient mass to prevent any 


parts of sand by volume 


excessive swaying or vibration. 
Design Of Concrete Stacks 


The present practice is to design and construct con 
crete stacks for power plant service in accordance with 
the American Concrete Institute, “Standard Specifica 
tion for the Design and Construction of Reinforced Con 
crete Chimneys’ (ACI 505-54) for an inside stack tem 
perature of 400 F. The brick lining extends the full 
height of the stack. When the space between the stack 
column and the lining is filled with insulation, the insulat 
ing material is fiber glass having a density of 6 lb per cu 
ft. Concrete stacks designed in accordance with the 
above specification have sufficient mass to prevent any 


excessive swaying or vibration 
Comparative Cost Of Stacks 


rhe initial cost of stacks will vary considerably de- 
pending on material and labor costs and freight rates 
for different localities, as well as the variation in a given 
locality due to current price changes. By applying cur 
rent unit prices to the material quantities obtained from 
the accompanying charts the estimated initial costs of 
steel, brick stacks determined 
rhese estimated initial cost figures will require an adjust 


and concrete can be 
ment to allow for the relative advantages of each par 
ticular type of stack construction. For example, a steel 
stack supported over a boiler should be credited with 
any reduction in the initial and maintenance costs of the 
flue gas duct work Maintenance costs, outage time for 
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maintenance, and flexibility for future alterations and 
extensions should be evaluated and the proper credits 
allocated to type of stack construction. Main 
tenance charges will vary with local climatic conditions, 
stack gas temperatures, type of fuel, frequency of -beiler 


each 


outages or periods of partial loads, materials ef construc 
tion, workmanship, and should be carefully analyzed for 
each installation. For example, an eastern utility com 
pany has found that the capitalized value of annual main 
tenance averaged over a 30 year period has in one in 
stance shown that it might run approximately 3 per cent 
of the total cost of stack and foundation for a steel stack, 
from 5 to 16 per cent for a concrete stack and approxi 


mately S per cent fora brick stack (4 


rhe material quantities for determining the estimated 
steel stacks can be obtained from the charts, 
Figs. 1, 2, 4, 5 Che weights of steel stack sections given 
in Fig. | are based on nominal plate weights plus 15 per 
cent to allow for Tee bars or shelf angles, welds, coping, 
ladder, base connection and anchor bolts, allowable over 
weight of plates, material lost in fabrication and paint 
rhe stack plates were designed to support a 5-1n, thich 
brick lining and no additional plate thickness was allowed 
Che unit cost per ton of stack section will 
Fig. 2 is for use in obtaining 


costs ol 


lor corrosion 
range from $450 to $600 
average estimated weights of structural steel required to 
support a steel stack on the roof of a 100-ft high building 
or at 100-ft high independent steel tower. The estimated 
weight of structural steel to support a steel stack on the 
roof of a 150-ft high building or a 150-ft high independent 
steel tower is equal to the increase in weight for the 150 
ft greater height of stack section. For example, the 
weight of a 150-ft high structural steel support for a 
400-ft elevation top of stack above grade is obtained 
from Fig. | by taking the difference in weight between a 
300-ft and a 150-ft The unit cost 
per ton of structural steel will range from $260 to $300 
Fig. 4 gives the cubic yards of concrete for steel stack 
foundations. The unit cost per cubic yard, including 
excavation, formwork and reinforcing steel, ranges from 
$35 to $45. Fig. 5 gives the surface area of linings at 

tached to the steel stack plates. When the breeching 
connection is located a considerable distance above the 
base of the stack, a false bottom protected with a lining 
and located immediately below the breeching opening 1s 
recommended in place of lining the “dead” space at the 
bottom of the stack Phe unit cost per square foot for a 
5-in. thick brick lining consisting of a 4-in. thickness of 
vitrified paving brick and 1|-in. thick lumnite-silica sand 
mortar backing ranges from $2.25 to $2.75. The unit 
per square foot for a 2'/»-in. thick lumnite-silica 
sand gunite lining with reinforcing is from $1.60 to $1.90 


high stack section. 


cost 


Che material quantities for determining the estimated 
radial brick stacks can be obtained from the 
charts in Figs. 3, 6, 7 inclusive. Fig. 3 gives the volume 
of radial brickwork for stack columns The unit 
per cubic foot for the radial brick stack columns, includ 


ing mortar, step irons, cast aluminum air vents at top 


costs ol 


cost 


and bottom of each lining section, concealed steel rein 
forcing bands, cleanout door, lintels above breeching and 
cleanout doors; but not including steel breeching frames, 
bronze rail for obstruction lighting, lightning protection 


system and cast iron cap covering stack column and 
lining, ranges from $1.90 to $3.50. Fig. 6 gives the 


volume of radial brickwork for the stack linings. The 
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costs for 10-ft 0-in. I.D. steel, brick 
and concrete stacks 


unit cost per cubic foot for the radial brick linings, in 
cluding portland cement-lime mortar, ranges from $2.25 
to $3.70. Fig. 7 gives the cubic yards of concrete re- 
quired for brick stack foundations, The unit cost per 
cubic yard, including excavation, formwork and rein- 
forcing steel, ranges from $35 to $45 

The material quantities for determining the estimated 
cost of concrete stacks can be obtained from the charts in 
Figs. 8 to 10 inclusive. Fig. 8 gives the volume of con- 
crete for concrete stack The unit cost per 
cubie yard of concrete including reinforcing steel, ladder 
and cleanout door, but not including lightning protection 
system and cast iron cap covering stack column and lin 
ing, ranges from $75 to $135. Fig. 9 gives the volume of 
hard burned shale brickwork for the stack 
linings. The unit cost per cubic foot for the lining 
brickwork, including portland cement mortar and the 
2-in. dead air 


columns 


concrete 


> in. of insulation or a 
Fig. 10 gives the 


cost of providing 
space, ranges from $3.50 to $4.25 
cubic yards of concrete required for concrete stack foun 
dations. The unit cost per cubic yard including excava 
tion, formwork and reinforcing steel, is from $35 to $45 


Discussion Of Comparative Initial Costs 


rhe charts in Figs. 11 and 12 give an average total 
initial cost comparison for 10-ft 0-in. I.D. and 24-ft. 0-in 
I.D. steel, radial brick and concrete stacks in terms of 
unit costs. The stacks are supported at grade elevation 
on concrete foundations designed for 6000 lb per sq ft soil 
\ll stacks have brick linings for their full 
height. The steel stack linings are vitrified paving brick 
laid in lummnite-silica sand mortar. The brick stack 
linings are radial brick laid in portland cement-lime mor 
tar The concrete stack linings are hard-burned shale 
brick laid in portland cement mortar and have 2-in. of 
fiber glass insulation or a 2-in. dead air space between the 
lining and the column. Lumunite gunite linings for steel 
stacks cost approximately one-third less than vitrified 


pressure 


ative total initial unit 
costs for 24-ft. 0-in. I.D. steel, brick 
and concrete stacks 


Fig. 13—Total initial costs of 10-ft 
0-in. L.D. steel stacks supported on 
roof of 100-ft 0-in. high building com- 
pared with total initial costs of 10-ft 
O-in. I.D. steel and concrete stacks 
supported at grade elevation 


300 400 500 


paving brick linings and this reduction in the cost of steel 
stacks will increase the height at which steel and concrete 
stack cost curves intersect. 

The chart in Fig. 13 gives an average total initial unit 
cost comparison between a 10-ft 0-in. I.D. steel stack sup 
ported on the roof of a 100-ft 0-in. building and 10-ft. 
0-in. I. D. steel and concrete stacks supported at grade 
elevation. The costs of the stacks supported at grade 
elevation have been taken from Fig. 11 and corrected 
for the omission of the lower 100-ft. 0-in. height of the 
brick linings. The cost of the brick lining represents a 
higher per cent of the total cost of steel stacks as com 
pared to concrete stacks and the above reduction in lining 


) 


surface has moved the intersection point, Fig. 15 
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An Investigation of the Economic Size 
of Steam-Electric Generating Units 


By L. K. KIRCHMAYER, A. G. MELLOR, J. F. O'MARA, and 
J. R. STEVENSON 


General Electric Co. 


This paper records the method of analy- 
sis and the results obtained of a study to 
determine the optimum economic size of 
stearm-electric generating units that 
should be added to a power system. This 
study attempts to take into account such 
factors as size of system, forced outage 
rate, rate of load growth, installed cost of 
larger generating units, the effect of a 
maintenance program and the effect on 
the transmission systern of the use of 
larger generating units. Out of the study 
comes the estimate that unit sizes of 500 
to 600 mw will be economical in ten years. 


BASIC existing system of 2000-mw total generat- 
ing capability was assumed for purposes of this 
study, consisting of twelve 25-mw units, twenty 

50-mw units and seven 100-mw units. All units making 
up the basic system and all units added to the system, 
were assumed further, to be of the unit scheme type, 
that is, a single boiler to a turbine-generator set. Lastly 
the transmission was adequately 
designed to carry the full output of the generating 
stations to the load areas 

Expansion of the system was carried out from the 


system considered 


basic system of 2000-mw to a system of approximately 
10,000-mw by means of four basic patterns 


\. 8 Per Cent Expansion 


was kept within a band of 8 per cent 
total installed capability of the 


The size of unit 
to 5 per cent of the 
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sented at the Winter Gener Meeting of the American Institute of Electrical 
New York $1~Pebruary 4, 1955 
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Fig. 1—Unit size is pictured as a function of total generation 
with an 8-to-5 per cent expansion program. 
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his means, for example, that for the basic 
added to the system 


160-mw unit 


system 
system of 2000-mw the first 
would be 8 per cent of 2000-mw or a 
rhis size of unit would be added every time new genera 
tion was required until the unit size was approximately 


unit 


5 per cent of the total system generation, or, in this case, 
until the system generation totaled 3200-mw. When this 
point was reached, the next unit added would be 8 per 
cent of 3200-mw on approximately 250-mw. 


2. 10 Per Cent to 7 Per Cent Expansion 


The size of units added was kept within a band of 10 
per cent to7 per cent of the total capability of the system. 


3. 15 Per Cent-to-10 Per Cent Expansion 


The size of units added was kept within a band of 15 
per cent to 10 per cent of system total capability. 


4. 250-mw Expansion 


Phe size of units added was initially kept within a 
band of 8 per cent to 5 per cent of the total installed 
capacity of the system up to units of 250-mw capacity, 
after which the system expansion was continued with 
250-mw units regardless of system size 

To simplify the calculations, the unit sizes actually 
used were not exactly in accordance with the percentage 
bands indicated above. The sizes used were as follows 


and are shown in Figs. 1, 2, 3, and 4 


Unit Sizes in MW 
150, 250, 400, 600 
200, 300, 400, 600, 900 
300, 500, 800, 1200 
150, 250 


Expansion 
l. 8S per cent to 5 per cent 
2 10 per cent to 7 per cent 
3. 15 per cent to 10 per cent 
t. 250-mw 
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Fig. 2—Unit size in this case is figured as a function of total 


generation with a 10-to-7 per cent expansion. 
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Fig. 3—Next assumed expansion employed a unit size based 
on total generation with 15-to-10 per cent expansion 
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Fig. 4—Last expansion plan assumed cuamogne a unit size 
of 250-rmw as a top size and this is shown above. 


Assumptions 


| It was assumed that the standard of reliability of 
the power that sufficient 
capacity would be available so that the probability of 
loss of load would be one day in eleven years 

2. Acombined forced outage rate of 2 per cent for the 


system was such generating 


generating unit (combined boiler and turbine-generator 
his is in line with recent experience 
on generating units. To determine the effect of a possible 
lower reliability of very large units, a forced outage rate 


set) was assumed 


of 3 per cent was assumed in some cases 

}. It was assumed that each boiler-turbine-generator 
unit on the system would be out of service for twenty 
weekdays a year for planned maintenance 

| rhe weekday peak load 
throughout the year was assumed to be a straight line 


variation im system 
from 100 per cent to SO per cent as shown in Fig. 5 
rhis is reasonably typical for most power systems except 
for some systems in the south where the summer and 
winter peaks are approximately equal 

5. The installed cost of new generation was assumed 
to vary with unit size \bove a size 
of 200-mw two cost curves were used, one assuming 


is Shown in Fig. 6 


constant cost per kw from 200-mw up to the largest 


size considered, and the other showing a continuing 
decrease in cost per kw above 200-mw 

6. Fixed charges on the investment were assumed to 
be 12 per cent per year 

7. Operating labor cost in mills per kwhr was as 
sumed to vary Mainte 


nance cost in mills per kwhr was assumed to vary with 


with size as shown in Fig. 7 
size as shown in Fig. 8 

S The heat rates of the various sizes of units were 
Above 200-mw, the heat 
rate was assumed to be constant as it was thought that 
these larger units would all use the maximum practical 
steam conditions and that no improvement in heat rates 


assumed as shown in Fig. 9 
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Fig. 5—Variation in systern weekday peak load throughout 
the year was assumed to be a straight line as above. 


would be realized only from increased size. It is realized 
that unit heat rates, particularly in the larger size units, 
will almost certainly continue to improve in the future 
and this improvement will make the use of larger gener 
ating units more attractive 

9. Fuel was assumed at 25 cents per million Btu. 

10. The duration curve of the 
assumed to be as shown in Fig. 10. This curve is based 
on a system load factor of 60 per cent which is typical 


load system was 


of many large power systems 
11. The fuel and operating costs of units on spin 
ning reserve with negligible load were neglected 


Vethod of Analysts 


The method used to determine the most economical 
pattern of system expansion consists essentially of two 
parts 

l Determination of the 
maintain 


reserve Capacity required 
on the the standard of 
reliability for each pattern of system expansion, taking 
a) size of generating 


system to assumed 
into account the following factors 
of generating units, (c) 
d) a planned main 


units, (>) forced outage rate 
weekday peak load duration curve, 
tenance program 

2 Application of the assumed cost factors to each 


pattern of expansion (tuking into account the reserve 
capacity required) to determine the most economical 
pattern of expansion 

Che following briefly outlines the procedure followed 
in carrying out the two steps given above. A more 
detailed procedure is given in an Appendix the authors 
presented with the original paper and ts not reproduced 
here 

For each combination ol generators, consisting of the 
old existing generators (amounting to 2000-mw) and all 
new generators added to the system in accordance with 
the above patterns of expansion, the probability of 
availability of particular amounts of generation was 
determined. for pattern of ex 


pansion using a 2 per cent forced outage rate and also 


This was done each 
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Fig. 6—Investment cost is pictured as a function of unit size. 


Fig. 7—Operating cost is represented as a function of 
unit size. 


for the 8S per cent-to-5 per cent and 10 per cent-to-7 
per cent patterns of expansion using a forced outage rate 
of 3 per for all units over 250-mw. the 
smallest unit on the system was 25-mw, the probability of 


cent Since 
availability was determined in 25-mw steps to the point 
at which the probability of availability was practically 
zero (actually 0.00000001). 

It was necessary to take into account a program of 
planned maintenance which would require each generat 
ing unit to be out of service for 20 weekdays per year 
In planning this maintenance program, the weekday 
peak load throughout the year was assumed to vary as a 
straight line from 100 per cent to 80 per cent, Fig. 5 

As far as system reliability is concerned, it was assumed 
that the total load can be considered as the actual system 
load plus the capability of generation out of service for 
maintenance. Therefore using the peak load variation 
curve referred to above, the maintenance period of each 
machine on the system was scheduled in such a manner 
that the sum of the actual load and the capability of 
units out for maintenance at any time was kept as uni 
form as possible 

When this maintenance program had been established, 
assumed for each amount of 
total installed generating capacity. Using the prob 
ability of availability factors previously determined for 
each combination of generating units, it was then possible 


three different loads wer 


to determine for each of the assumed loads, how many 








days per year there would be insufficient generating 
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Fig. 8&-Maintenance cost shown as a function of unit size. 


COMBUSTION—February 1955 


90 ry $$ _______—__— _- ~— 





ITHESE COSTS Aff BASED OW A (00 PER CENT LOAD FACTOR) 


TO} + 


| 
SS 


OPERATING COST MULS/KW- HR 




















1000 1200 
ual’ Sizt ww 


capacity available to meet the load. From these data, 
curves could be drawn, similar to Fig. 11, indicating the 
probability of loss of load as a function of load for each 
value of installed generating capacity 

First, it was assumed that whenever a new generator 
was added to the system the system load was immedi 
ately increased (either within the system or by sale to 
outside utilities) to the point where the probability of 
loss of load again was one day in eleven years. This 
method essentially eliminates the factor of rate of load 
growth. 

The next step was to associate the load carrying ca 
pabilities of the various generator combinations with the 
rates of load growth for the country, three rates were 
chosen: load doubling in 5, 10 and 15 years. Starting 
with a basic system of 2000-mw capability of generation, 
the load for each year was calculated for each rate of load 
growth until the system load was approximately 10,000 
mw. In order to strictly adhere to a one day in eleven 
years loss of load probability, it was necessary, in some 
cases, to add a large block of generation when only a few 
additional megawatts of reserve were required. To be 
practical, in these cases, the standard of reliability was 
reduced to a minimum of one day in seven years. No 
maximum standard of reliability was specified 

lable I shows a tabulation of costs and the method of 
calculating total annual cost of generating power in mills 
per kwhr. These costs are based on the assumed curves 
of Figs. 6, 7 and 8 for investment, operating and main 
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Fig. 9—Heat rate as a function of unit size traces this curve. 
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the units of the basic system 
were figured at a different than that 
shown on Fig. 6 as it was assumed that most of the basic 


tenance costs pome ol 


investment rate 
system was installed when investment cost was lower 
[he operating costs as determined from Table I are 
factor for the various 
Utilization factor can be defined as the ratio 


dependent upon the utilization 
machines 
of the kilowatt-hours actually generated in a year by a 
maximum kilowatt-hour ca 


lo calculate 


particular machine to the 


pability of the machine the utilization 
factor of each m 


hown in Fig. 10 his curve 


ichine, a system load duration curve was 


issumed a is based on a 
system load factor of 60 per cent It was assumed that 
unit added to the 


With a maintenance period of twenty weekdays 


each new system would be base 
loaded 
per year and a forced outage rate of 2 per cent, each new 
unit could supply about 90 per cent of its total kilowatt 
under the load 


with a 


hour capability By filling in the area 


duration with line generators associated 


parts ular load, the utilization factor for each size ma 


curve 


chine on the system was determined 


Discu 


ton of Result 


Figs. 12 and 13 are plots of the installed generation 


required to meet irious loads with a probability of loss 
in eleven years and one day in seven 
hes for each of the 
expansion ind take 
planned maintenance. 

consider the effect on the capacity re 
load that result from 
changing business and weather conditions. It was found 
that when the effect of these load variations is included 


of load of one day 


years respectively curves are 


various patterns of studied into 


xccount a program ol Phes« 
curves do not 


quirements of the variations 


TABLE 


perating * Maintenance * Puel 


ills /w-h@ [Mills Aw-nr 


in the calculations, the reserve requirements are in- 
creased to a larger extent with smaller per cent expansions 
than for larger per cent expansions. 

It is apparent that there is a large difference in the 
reserve capacity require d depending on the size of gener- 
ating units added to the system. In order to economi- 
cally justify the use of the larger units, the extra costs 
associated with the increased reserve must be overcome 
by lower investment, operating and maintenance costs 
for the larger units 
14 compares the cost of supplying the load for 


Fig 
the four different patterns of system expansion assuming 
i probability of loss of load of exactly one day in eleven 


years. These curves are based on the assumption that 
the forced outage rate is 2 per cent regardless of size and 
that the installed cost of new units continues to decrease 
as size increases. For the assumed conditions the cost 
curve using units of 15 per cent-to-10 per cent of system 
size falls below the cost curve using units 10 per cent-to 
7 per cent of system size for system loads above 5500-mw 
The effect of assuming that the installed cost per kw of 
units above 200-mw remains constant regardless of size 
is shown in Fig. 15. These curves indicate that for this 
condition, expansion with 250-mw units is generally most 
economical 
14 indicate that the most 


economical pattern of system expansion is very dependent 


rhe results shown in Fig 


on the investment cost of larger generating units. It 
is apparent that the future slope of the cost per kw vs. 
size will be a major factor in determining the 
economic feasibility of larger generating units. 


Che effect of an increase in the forced outage rate of 


curve 


generating units larger than 250-mw from 2 per cent to 3 
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Tabulation of costs and the method of calculating total 
annual costs of generating power in mills per kwhr, shown 
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above, are based on the assumed curves of Figs. 6, 7, and 8, 


for investment, operating and maintenance costs. 
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Fig. 10—Load duration curve for a 60 per cent load factor 
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Fig. 11—Probability of loss of load as a function of load 


per cent is shown in Fig. 15 for three plans where 


the investment cost per kw continues to decrease as size 


increases The study shows it is more economical to 
expand the system with 250-mw units than with units of 
either S per cent-to-» per cent o1 of 10 per cent to-7 per 


if the forced outage rate for units 
If machines 


cent of the system size, 
greater than 250-mw increases to 3 per cent 
much larger than those produced today are to be eco 
nomically justified their forced outage rates must be 
approximately the same as those of present machines 

A comparison can be made of the cost of power in mills 
two different assumptions for in 
Fig. 9. One 


per kwhr using the 
stalled 
comparison studied was for an 8 per cent-to-5 per cent of 


cost of generation as shown in 
expansion using a forced outage rate of 2 per cent 

When the rate of system load growth is taken into 
the results are not so clearly defined as were the 
results obtained by assuming that whenever a new 
generator was added to the system the system load was 


account 


TABLE II 


T OF VARIOUS EXPANSION PATTERNS 





Inv estment 


Load Doubles 
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immediately increased (either within the system or by 
sale to outside utilities) to the point where the probability 
of loss of load was one day in eleven years. When the 
load follows a particular pattern of increase, each gener 
ator added causes a peak in the cost curve, the magnitude 
of which is dependent upon the percentage of the genera 
tor output that is actually required by the load 

lo effect the comparisons between the various patterns 
of expansion when considering different rates of load 
growth, present worth evaluations were utilized In 
brief, the present worth figure for a given expansion 
indicates the total amount of money that would have to 
be available at the present time to completely finance 
the investment and operating costs of the generation 
under consideration for a given period of time 

A summary of the relative costs of the different 
patterns of system expansion on a present worth basis 
using an interest rate of 4 per cent is shown in Table II 
The figures in the table indicate the percentage of in- 





Expansion from 2000 MW to Approx. 10,000 MW System 
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in N Years Cost 250 MA ef - 52% 104 - 7% 15Z - 10% aL - 5f 104 - 7% 
N Case # — 
5 1 0.76 0.51 Bas} 1.52 1.68 
2 1.52 1.98 2.48 6.43 3,30 







0,30 


e in cost over base case 


Figures are % increa 


-- Decreasing investment cost, 


a 
Case #1 
-- Flat investment cost after 200 Mw, 


Case #< 
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1,96 
4,38 


1.54 


5. 3 023 


Basé 
2.13 


3 
Basé 
2.18 


0.95 
5423 


0.77 
2.10 








* ~ Outage rate 3% for machines over 250 Mu, 








Note 1 - Base = 1,355 billion dollars 
2 - Base = 2,068 billion dollars 
3 - Base = 2,624, billion dollars 






























4% TO 10% EC RPANSION 


ia 


/t ete " 








‘. TaGe wate FOR 
29 | wets \ARGER THAN , . 
4 240 “ew | 
° | 
s \ a om v0 Pe 
* | £ £PANSION } 
7 
_ 
e | B ke e% TOs 
£ 20} cRPaneson 3% 
4 Wwract wate ror veeTts 
, ee THAN 250 Mw 
: | OS geen 
5 \ 
a | ~ | 
| 5 ; ; ~< ; + 
S | ~ 
& | 
z ~s 750 ww EXPANSION 
| 
™. - i 
. s 
. ~~ 
. 
, | 
% 
10h ‘ , , ; 
| 
| 
| LOSS OF LOAD PROGABELIT T+! OAY Ww YEARS 
| OuTAGE MATE OF 2% UNLESS OTHERWISE SPECIIED 
| 
109 ; ; , ’ ? ; 
i 
| 
| | 
100 - | ‘ rf 4 j 
a) 2000 4000 6000 #000 10900 
oan ww 
Fig. 12—Assuming a loas of load probability of one day in 
eleven years system reserve shows in curve above 
crease in cost over the indicated base case. (Table 1 Hl 
rhe cost comparisons given in Table II can also be 
shown graphically for a forced outage rate of 2 per 
cent The results for the three different rates of load 
rrowth all lie within a narrow band of results rhis 
une information has been plotted for a 3 per cent out 
ive rate 


l- flect of Improvement in Station Heat Rate 


Im all the 
ill new generator units 


comparisons made above, the heat rates of 


vided to the system were assumed 


to be as given by Fig. 9; and no heat rate improvements 
in this curve resulting from future technological ad 
vances were considered in our calculations. However, 


it can reasonably be expected that there will be a con 
future 


Chis improvement in 


tinued improvement in station heat rates in the 


is there has been in the past 


will make larger units more attractive 


The 
stem will be base loaded during the 


tation heat rate 


economically reason for this is that each new unit 
idded to the sy 


of operation 


early 


years ind so the load on the older, less 


efficient units can be reduced Che larger the new unit 


that is added, the greater the fuel saving realized on the 
older units and this fuel saving can be used to more than 
the to the 


required for the larger units 


o Tset extra costs meurred due extra reserve 
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Fig. 13—Same curve as Fig. 12 of system reserve for a loss of 
load probability of one day in seven years. 


i: ffect of Larger Units on Transmission Costs 


In the total costs 


of generating power 


results presented so far only the 
However 
addi 
tional transmission facilities to provide support in case 
It is 
ned system, 


have been considered 


the use of very large generating units will require 


planned or forced outages of a generating unit 
well-desig 
the incremental cost of providing such additional trans 


estimated that for a widespread, 
mission facilities will be between $10 and $20 per kw of 
1O00-mw 
compared to 250-imw generating units 


installed capacity for generating units as 


ro explore the effect of the cost of providing additional 


transmission facilities for the larger units, two cases were 


considered by modifying the investment costs of units 


is a function of unit size as follows 


Che penalty in cost for suppiying additional trans 


mission facilities was assumed to vary linearly from $0 


per kw for 250-mw units to $10 per kw for 1000-mw units 
2. The penalty in cost for supplying additional trans 
from $0 


10 per kw for 1000-mw units. 


mission facilities was assumed to vary linearly 


per kw for 250-mw units to $2 


Interconnecting transmission facilities between sys 
economically justified on the basis of 
the 


total reserve capacity required on the combined systems 


tems can often be 


economical power interchange and of reduction in 
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Fig. 14—Cost comparisons are pictured above for costs of 
supplying load under the four methods studied 


Depending on the capacity of such interconnections, the 
systems approach one large system and larger generating 
economically justified. But any 
appreciable extra cost in the transmission system con 


units can often be 


siderably reduces the attractiveness of larger units 


Smaller Power System 


A pplication to a 


1000-mw of installed 
capacity consisting of twelve 12.5-mw units, twenty 25 


rhe 


ten 


In this case an initial system of 


mw units and seven 50-mw units was assumed 


load on the system w issumed to double every 


years and was expanded from a 1000-mw system to 
approximately a 5000-mw system Again the expansion 
pattern of using generating units of 10 per cent-to-7 
per cent of system size was found to be the most eco 


nomical but the reduction in cost by using this pattern 
rather 
system 


than smaller units is greater for the smaller 


rhis result was obtained because the slope 


of the cost per kw size curve is steeper in the lower 


size range rhere is, therefore, a greater gain in using 


units that are a higher percentage of system size on a 
small svstem th large one 
summary of Factors 
Ihe factors in favor of and against the use of large 
generating units n be summarized as follows 


Factors Favoring Large Units 


] A steep slop 
2. Lower operating 


f the curve of cost per kw vs. size 
ind maintenance costs per kwh1 
for larger units 
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Fig. 15—The effect of increase in outage rate from 2 to 3 


per cent for units is pictured here 


}. Further improvement in station heat rate resulting 
from technological advances 

!. Reduction in the 
maintenance crews required with larger units 


number of construction and 


5. Interconnections with adjoining systems 


Factors Against Large Units 


| Flat slope of the curve of cost per kw vs. size 


2. Increased reserve capacity required with larget 
units 
3 (ny increase in forced outage rate 
t. Increase in capacity required in the transmission 
system 
». Site limitations. 


Conclusions 


jased on the assumptions made in this study, the 
‘ollowing trends may be noted from the results obtained 
If the investment cost of large units continues to 
decrease with size and the forced outage rate for large 
units remains at the present level (2 per cent or lower), 
the most economical pattern of system expansion is to add 
units of between 10 per cent-and-7 per cent of the size 
of the system studied. The slope of the curve of cost per 


kw vs. size is the determining factor rather than the 
ibsolute values of investment cost 

2. If above any size the investment cost in dollars per 
kw remains constant, there will be very little incentive 
to use units above this size 

3. Any increase in the forced outage rate of large 


units will slow up the move to these large units 








4. For the range of 
encountered the 
“ppreciable effect on the 
nomically justified on 

5. Due to the 
Operating costs a 


size of units t 
4 SyStem 


larger per entage of system 
justified on smaller s 

6 Dur to the 
“ppears that the rat, of increase of the 
units may slow down, but thers 
Maximum ecconomn0 


$1zZe Can more 
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Can be conservatively 


order of 500 to 600-myw will be ex onomically 
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BOILER TuBE 
FAILURES 


STOP 


This completely new ond im 
THICKNESS INDICATOR not 
thousandths of an inc h, 


Proved mode! TURNER SCALE 
only reads scale directly in 
'? is invaluable in locating Pitted and 
heir failure, thus eliminating costly shut. 


MASKINS-TURNER COMPANY 


1617 THIRD STREET JACKSON, MICHIGAN 
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rate of load growth of a system has no 
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easily be 
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pendability resulting from — om 
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What's Ahead in Power?’ 


By Theodore Baumeister, 
Stevens Professor of Mechanical Engineering, Columbia University ; Consulting 
Engineer, General Public Utilities Corporation 


AX engineer wh ed to look 
ahead 1n his field pecialization 
is bound to ha ! nagination stirred 
Inherent] he must be looking 
for something bet than what 1s cur 
rentlh) 


tandar: is not contin 
uousl } 


better 
mentally 


looking I 
then I am afraid 
dead oul | n to detine 
better now ll that what he 
is dou O te tomorrow 
While king t methir 
there should aly be present in his 


better 


thinking th inent admonition 
b Bacor Wha I led b 
though it be not good t least it 1s fit 
That admoni 
because it utions us to nd novelties 


custom 
ignificant 
sumply for When we as 
engineers think { char we have in 
mind not onl ilteration in the phys 
ical or material way of doing things but 
also the equ important alteration 


concerned with the economk aspects 


Change to the engineer m 


both of these aspect The power en 


ust em ompass 
gineer must be continual! 
field of 


ence to see 


earching the 
nt and expert 


CIE nce experinmie 


whether there is not some 


other way in which power can be effec- 
tively generated. But in that search he 
can never lose sight of the equally im 
portant economic picture His final 
the merit of change 
yposal do an equally 

When a 


lower cost we are 


criterion for judging 
is ‘will the new pre 
effective iob for le morn 
proposed change 
inclined to call the result “progress 
And progress is what we seek 

rhe field of power 
peculiar or unique with reference to this 


veneration 18 not 


whole picture of development and evo 


lution. It has followed the conventional 
without 
When the 


I suppose 


pattern of change—and will 
doubt 
term ‘‘power’’ is mentioned 
upa different 
tationary or 


continue to do so 


each man present conjure 
picture. It can mean 
transportation service It can mean big 
and it can mean small power plants. It 
can mean steam, or hydro, or internal 
combustion, or atomi It can mean 
mechanical energy or electrical energy 


output Power” can mean a myriad of 
things and each of us has his own idea on 
what ts embraced by the word I hope 
ind applica 
tions in mind as I discuss the future po 


surprising how many 


to have most definition 


tential because it i 
lessons can be learned in one branch of 


* Presented under ausp f the Philadelphia 
Sections, ASME and ASCE, at the 21st National 
Exposition of Power and Mechanical Engineering 
Philadelphia, Penna., December 6, 1954 


COMBUSTI O N—February 1955 


the art and transferred to another 
It is only human to resist that 


It is my hope that I, at least 


branch 
transfer 
may be able to provoke some original 
ideas among the audience this evenings 


Progress in Power 


Power, relatively, is an old and well 
established art but that entrenchment 1 

not so firm as to preclude change in the 
future his year we are celebrating 
the diamond jubilee of Edison's original 
contribution of the electric light to the 
art of electric power production and use 
If we compare the performance of the 
Pearl Street Plant with the plants of to 
day we find a heat rate of 150,000 Btu 
per kwhr then and an average of 13,000 
Btu per kwhr today. This means that the 
coal « onsumption then was twelve time 

what it is now 
rhis, I 
and the entire change has been mace 
since the year 1882. It 
borne in mind that Edison's plant was 
initiated a century after James Watt 
did his original work There is a further 
uniqueness about this electric power busi 


to produce a kwhr 
ubmit, is remarkable progress 


hould also be 


ness this year because for the first time 
in history we have reached that enviable 
goal of producing our electric energy for 
| Ib of coal perkwhr. This was in April 
and is the average, not the best, for all 
public utility plants in the country a 
they were actually run and loaded 
There was no conscious effort to estab 
lish a record. It was all in the day 
work and constitutes a milestone of 
which we, connected with the industry, 
can be justly proud 

It is only reasonable to ask what 
comes next? If such tmprovement 
have already been made in the genera 
tion of electric power by steam systems, 
how can there by any further gain that 
is worthwhile? of this kind 
are repeatedly asked and they are by no 
means limited to the power field. If it 
were possible clearly and easily to foresee 
the future, far fewer mistakes would be 


(Juestion 


made along the way 

I am prompted to give you a quota 
tion from Mr. Greenwalt, President of 
the Dupont Company, in the IBM mag 
azine T7111 NK for May 1954 

“It is interesting to note that when 
anyone in the past has attempted to pre 
dict the long-term future, his forecast 
has turned out to be hopelessly short 
sighted and pessimistic Jenjamin 
Franklin, for example, thought at the 
end of his life that it would perhaps take 
centuries to settle the American conti 
nent rhe State of California stands as 


a monument to his error Thomas 
Jefferson, in announcing the Louisiana 
Purchase, felt that the territory might be 
fully occupied after twenty-five genera 
tions. The railroad and the steam-boat 
opened it up to settlement within a few 
decades. In the early 1900's a gentle 
man from Philadelphia grew enthusias 
tic about private motorcars and fore 
saw the time when there would be a hun 


I might add 


that he viewed this development as a 


dred or so in every city. 


boon to highway safety as it would free 
the country from drunken riders and 
wild horses \ British socialist during 
the nineteenth century foresaw the pe 
riod when it would be unnecessary for 
children to work over ten hours a day 

‘The economist Jevons, in L860, was 
alarmed at the possible exhaustion of the 
earth's coal supply within a few years 
I have heard similar predictions on pe 
troleum almost yearly since my college 
days. Sir William Crookes, a distin 
guished scientist, saw early starvation of 
the race through diminishing supplies of 
nitrogen. What he did not foresee was 
that chemistry 
would within a 
his error 


through nitrogen fixation 


generation or so prove 


Looking Ahead 


It is really a very difficult task to try 
to visualize the future. It is certainly 
difficult when you try to avoid sheer un 
abashed speculation of the type featured 
in popular science and superman jour 
nals, and to reach conclusions on a cold 
calculated basis. Perhaps it is most 
helpful to limit the thinking to a short 
term in the future —not a hundred years 
from now, but rather within the active 
working lifetime of mature people, such 
as those in this room this evening 
That means in the next 10, 20, or 30 
years. If we can see that far ahead we 
will have done a great service and pro 
jected ourselves into the future about as 
far as we need go 

We can be certain of one thing in this 
power field as in all other area Phat 
one thing is change, On the basis of 
the past teaches us that 
change is sure. What we do now, we 
will not doin the future. History is full 
of examples where people thought that 
Venice flour 


expenenc < 


there could be no change 
ished with a high culture 
rhe people of Europe seem to have 
learned during the crusades that spices 
offered a very practical way in which to 
preserve food, or at least to make it more 
palatable when in dubious condition 
substitute refrigera 


by monopoly 


Today we largely 
tion. The Venetians controlled the 
trade route 
West, the avenue of commerce for spices 
When Vasco de Gama and the other ex 
spain 


between the East and the 


plorers from Portugal, Holland 
and England showed a different trade 
route the monopoly was terminated 
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New methods, particularly of naviga 
tion, had to be devised to make this alter 
native route a reality The result of the 
change was devastating to the Venetians 
but a blessing to many other peoples 

It is not my intention to go on with 
examples of what happened to people 
and to their civilization when they failed 
or refused to recognize the inexorability 
of change Chose of us in the power 
industry are only human and we will 
doubtless be subject to the same weak 
nesses as our forebears. I have every 
confidence, for example that the steam 
turbine the one device which has 


PnevuBin wil! solve your flow stop- 


page problems and reduce your op- 


erating expense. The PneuBin unit 
consists of steel-backed, neoprene, 
pulsating panels mounted on the in- 
side wall of your present bins and air 
controls to regulate the panels’ ac- 
tion, By the pneumatic inflation and 
deflation of the PneuBin panels, the 
bin contents are positively displaced 
to insure free flow. After the panels 
have deflated, the air control unit 


made possible the plentiful supply of 
cheap electric power—-must ultimately 
be displaced by some other way of doing 
the job. I reach that conclusion when 
reasoning by analogy At the time of 
Watt the one and only important form 
of energy used for the propulsion of sea 
going vessels was the wind Today 
wind power is little more than a technical 
curiosity, Some of us, of course, like 
to spend some of our free time handling 
a sailboat during vacation and think we 
are sailors. The steam locomotive of 
the Stephenson Brothers flourished un 


challenged for over a century or until 


(operating off the regular plant air 
supply) starts another cycle of in- 
flation and deflation. The process 
continues automatically at whatever 
frequency is set on the air controller 
(this frequency is adjustable). 
PneuBin decreases plant operating 
costs by reducing maintenance, in- 
sures constant material flow to pro- 
ductien lines and greatly increases 
personnel efficiency through its quiet 


operation. 


Send for “Plow Stoppage Report” and FREE literature. PnenBin engineers 
will gladly make recommendations with no obligation on your part. 


A PRODUCT OF 


152? Maryland Ave., Baltimore 3, Maryland 


7 
CFROTOR MAY CORPORATION | 
! 
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World War II The Diesel locomotive, 
in ten years time, has made the old tron 
horse little more than a museum piece 

rhe steam turbine started to eclipse the 
steam engine at the turn of the century 

Reasoning by analogy, it is only a ques 
tion of time, to my way of thinking, be 

fore the steam turbine must travel the 
accustomed route of evolution 


Improvement by Steps 


Over the years we, in the power in 
dustry, have met the challenge of eco 
nomics, as posed by a rising price trend 
in equipment, fuel and labor, by resort 
to increased size, higher pressures, higher 
temperatures, greater use of reheat, 
higher boiler efficiencies, more regen 
erative feed heating and the like. These 
improvements have all been of the kind 
which represent refinements of existing 
practices. There has been little which 
can be classified as revolutionary or 
rhe efforts have been 
concentrated on the minutiae sy the 


epoch-making. 


accumulation of many small betterment 
factors we have been able to keep ahead 
of the deluge of rising prices all about us 
We are able to deliver a kilowatt-hour 
today for less money than we could 
twenty-five years ago, and without the 
benefit of government subsidy 

Since World War I there have been 
three contributions which stand out in 
my mind in this attempt to meet the exi 
gencies of the situation in the generation 
of electric power. First was the prin 
ciple of regenerative feed heating by ex 
traction of steam from the turbine 
This not only effected a great saving in 
fuel but opened the way for the con 
struction of much larger turbines by free 
ing the exhaust end of much of its capac 
ity limitation 

The second contribution which al 
lowed the development of large fur 
naces, with heat release rates ranging 
to 2 billion Btu-per hour in present prac 
tice, was the means whereby coal, like oil 
or gas, could be burned in suspension 
and/or in a continuous stream. This 
step led to the pulverized coal firing and 
cyclone furnace designs with the prac 
tical removal of the upper limit of size 
when utilizing our most plentiful fuel 
coal 

rhe third big step forward is repre 
sented by the plant recently announced 
for the Philadelphia area which, like 
the previously projected plant in Ohio 
breaks through the barrier of the criti 
cal pressure region and completely revo 
lutionizes our thinking and our prac 
tice, not only on boilers and turbines 
but also on all associated components 
such as feed pumps, feed pump drives 
feed pump speeds, condenser contruc 
tion, condenser leakage, feedwater pu 
rity, steam purity, feedwater heaters, in 
strumentation and controls, all under 
emergency conditions as well as normal 
conditions of operation 
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This supercritica re ire cycle en 
ables us to use our present structural 
materials to the limit of their capacity 


Phe barrier of temperature, however, is 


still present Dy spite the clear recog 
mition of the value of high temperature 
for power generation we venture forward 
at a ver feeble pact 

We have, with steam practice, been 
using 1000 of 50 F for many vears 
Most of us are reluctant to go even 
00 degrees higher ¥}-1200 F will 
carry us to the top limit as set by our 
1ustemitic material Even that range 
is approached cautiou rhe prog 
re toward higher temperatures 1s at a 
nail's pace compared to a jump from 
500 psi to 5000 psi in the pressure 
region Phermodynamicall the tem 
perature increase is more necessary than 
the pressure increase We have no 
alternative but to find materials and 
designs which will enable us to reach 
into the higher temperature range 
Our combustion temperatures are there 


and we need to learn to use them more 


eflectively lhis can meat not only 
the adaptation ol mat etals whos 
properti and whose manufacturing 
techniques have been possibly perfected 
under the atomic energy program, but 
also the development of non-metals, es 
pecially ceramu If we could postulate 
000 F of 400 F or evet 0 F the 
chances for improvement in our gener 
ition systems would be excellent 


[his temperature barrier 1s very great 


ind nothing can be uid which can over 
emphasize it ignificance The tem 
perature barrier not only blocks devel 
opment in the steam power field, but 
even more so are we frustrated in the at 


tempts to perfect gas turbines which will 


offer useful life period enuinely com 
parable to those obtainable on steam 
plants. Similarly, the atomic field is 
largely frustrated on w to use the in 
herent high temperaturs f nuclear re 
actions ( degree in fissio1 ’ degre« 
In fusion This probles f supertem 
peratures is much more severe than the 
problem of superpressure Its solution 
probably calls for a whole new approach 
to our understanding at nowledge of 
metallurgy We must find a solution 
which is equivalent to the epochal dis 
covery of stainle teel which took u 
out of the 800 F steam cl ind opened 
the vista of 1000 F and the prospect of 

OO] Beyond thi ont of 1200 F we 


ust look elsewhere than 1 S and 8 


iustenitic steel 


It may be that ‘ table Ie 
whicl ‘ il] ! me of 

the eftort hich have ‘ ind are be 
i! made in the ciear;r ind im the 
et propulsion field v e the develoy 
ent of new high t erature metal 
nd al.o We will learn not only the 
etallurs it perha even more im 
rtantl the very real problems con 
erned w eir i If we car 
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SAUERMAN SCRAPER SYSTEM 
proves its advantages. .« 





LOW COST OPERATION ... Need for repairs is infrequent. When cables, sheaves, clutch 
and brake linings are replaced, the scraper machine is restored to top efficiency 

LABOR ECONOMY... One man controls up to 600 tph., often at lower labor costs than 
possible with other types of equipment. Operator works out of rain and dust, above the 
pile with maximum visibility 

LESS POWER ...No heavy equipment on the pile. Only scraper and cables contact the 
coal Gasoline, electric, or diesel power requirements are reduced 

LESS MAINTENANCE .. . Highly machined parts are protected in readily accessible 
locations not exposed in storage area. 

For over twenty years, the small Saverman Coal Storage Scraper Machine shown above has 
been stockpiling and reclaiming up to 200 tons of coal per day 
at a Michigan power plant 

Let Saverman Engineers give you their recommendations on your 
coal handling problem 


Write for more information and Catalog D, Ceal Storage by Scraper. 
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BELLWOOD, ILLINOIS 
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Modern Design for ve 


MODERN COAL 


The Fairmont Coal Bureau has made available to consulting engi 
neers and equipment manufacturers a TYPICAL DESIGN for the 
emall industrial steam plant Prepared as a guide to good engi. 


neering it achieves maximum cconomy of investment and engineering 





ta. while featuring 


@ Fuel flexibility 
@ High efficiency 
@ Low fuel costs 


@ Minimum lebor requirements 





@ Cleanliness, Automaticity, 
Reliability 


Fairmont Pitteburgh Seam Coal is the MODERN COAT Enormous reserves and 
inherently favorable mining conditions guarantee ample supply and low production 


cost Modern mining and preparation facilities assure uniform quality 


Fairmont Coal Bureau engineers ere freely available to he'p you solve fuel and 
combustion problems Write for Technical Reference Bulletins and other valuable 


publications 


FAIRMONT COAL BUREAU 


Dept. DC, 122 East 42nd St., New York 17, N. Y. 








Another Beaumont Birch system 
for handling ash pneumatically. 
This system vitilizes a steam ex- 
hauster which discharges into the 
breeching. 
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PNEUM ASH HANDLING 


ATIC 
by Li BIRCH 


Low cost automatic ash disposal at high rates 








The pneumatic ash handling system shown above is only one 
of the many bulk material handling systems in Beaumont 
Birch’s complete line 

For 50 years, Beaumont Birch has installed thousands of 
coal, ash, and bulk chemical handling systems under all types 
of limitations. This wide experience assures you the right sys- 
tem to fit your requirements. Each installation is individually 
engineered to assure lowest possible cost, and to provide max- 
imum service life of equipment with minimum maintenance. 

For most of its existence, Beaumont Birch has had the dis- 
tinction of being the only source of coal, ash and bulk materials 
handling equipment under one contract. This undivided re- 
sponsibility assures you a coordinated system at less cost, 
appreciable savings in time and efficient operation. 

Why not call in a Beaumont engineer on your next bulk 
materials handling problem. 


P ypdtteani, wine COMPANY 


1506 RACE STREET, PHILADELPHIA 2, PA. 


DESIGNERS — MANUFACTURERS ERECTORS BULK MATERIAL HANDLING SYSTEMS 





at least learn such useful lessons then we 
may rightly feel that some of the many 
billions of dollars spent for weapons and 
destructive purposes were employed to 


good advantage 
Gas Turbine Potentialitie 


An intermediate step in the program 
may be to resort to pressure combustion 
it 5 or 10 atmospheres pressure and ac 
commodate such firing procedures to 
steam practice This is essentially an 
adaptation of the pattern so prevalent in 
the chemical industry Practice in 
chemistry often starts in the test tube 
and then with progressively larger pilot 
plants we ultimately reach full scale op 
erations—operations carried out at high 
pressures The gas turbine may contain 
the necessary germ of an idea to carry 
out combustion at Felevated pressures 
with the maximum heat release rates and 
with minimum excess air. The furnace 
vases would be cooled by passage over 
boiler surface with heat transfer rates 
far in excess of what we now accept—all 
because of the greater gas densities and 
higher mass flows. The gases could 
leave the boiler setting at temperatures 
considerably higher than in current 
practice. They could be reduced in 
pressure in the gas turbine expander ele- 
ment to provide the driving energy for 
the compressor. The improvement in 
overall thermal performance of the com- 
bined gas turbine-steam electric plant 
could conceivably approach a heat rate 
of the order of 8000 Btu per kwhr. Of 
course, this entire prospect would be 
greatly improved if ways could be found 
to use coal as the source of heat rather 
than to be limited to natural gas and 
some fuel oils as is presently customary 
with the open cycle gas turbine plant 

The closed cycle gas turbine has for 
some time been favored by many people 
as a rational solution to this solid fuel 
problem Most of the development, 
however, in gas turbines has been with 
the open cycle where the burden of heat 
exchange equipment is eliminated, but 
the fuel must be carefully selected, either 
as natural gas or vanadium-free and so 
dium-free fuel oil. The closed cycle 
plant does not place the dust loading of 
coal fires on the sensitive turbine parts 
but may shift them to heat exchange 
surfaces. This, at least, would transfer 
erosion and plugging problems to static 
rather than dynamic parts. 

It is also possible to choose the type 
and kind of working fluid and its pres- 
sure from among a wide variety of alter 
natives. In fact this could be one way 
in which to use the gas turbine cycle with 
nuclear reactors serving as the source of 
heat. A gas, which does not pick up 
gamma ray contamination, could con 
ceivably be used not only to cool the re 
actor but also to act as the thermody 
namic fluid and expand directly through 
the turbine This would eliminate ex 
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pensive heat transfer surface in the more 
generally preferred liquid cooled reactor 
steam generation systems. Its use 
would entail (1) the maintenance of a 
fluid which would remain non-radioac 
tive and (2) the perfection of reactor de 
signs, suitable for operation at high tem 
peratures. The fundamentals of gas 
turbine cycle performance clearly dem 
onstrate that a low temperature gas tur 
bine plant is inherently unsound. Tem 
peratures well above 1000 F, and pref 
erably in the range of 1500 F, are needed 
to realize the true thermodynamic 
merits of the gas turbine plant 


4 j ) 
Vuciedar I } 


Temperatures of this magnitude 
1500 F, plus or minu ire far from re 
alization on conventional fuel burning 
plants Chey are even more hypotheti 


cal today when dealir with nuclear 
reactor: Most serious nuclear plant 
proposals, so far, have been confined to 
lower temperaturt even precluding 
superheated steam and confining opera 
tions to the saturated region Some 


engineers are inclined to believe that thi 
temperature limitation is of minor sig 
nificance with nuclear power plants, es 
pecially with breeding reactors. With 
breeding, of course, it can be demon 


strated that the cost for fuel or heat, ex 


pressed as mills per kwhr, approaches the 
vanishing point. If the fuel cost is zero 
or nearly so, then efficiency in the cycle 


can be of little significance from the view 
noint of production expense per kwhr 
But the picture is more like the econom 
ics of hydroelectric practice, where fuel 


cost is truly zero, and high efficiency 
90%) in water wheels is economically 
demanded in all installation High ef 
ficiency with hydro plants reduces the 
unit investment of dollars per kw by 
spreading the heavy capital expenditure 
for structures through more kilowatts of 
capacity. Ina similar fashion with the 
nuclear field the heavy investment in re 
actors, heat exchangers, processing plant 
could be spread through more kilowatts 
of saleable electric capacity with the use 
of low heat rate generating plant, there 
by reducing the investment per kw and 
the corresponding carrying cost ex 
pressed as mills per kwhr of salable 
output. 


Phere is an inclination on the part of 
many engineers to take a pessimistic 
view of atomic energy I do not neces 
sarily subscribe to that pessimism 


Those who are hesitant are largely mo 
tivated by the inherent difficulties in 
volved in reaching a reliable economic de 


sign of power plant here is no doubt 
about the many problems which remain 
unsolved in the nuclear field Even 
with the use of a nuclear plant in the 
competitive area of high t fuels like 
gasoline, or in services where the com 


petitive fuel bulk curtails pay-load, as 
with airplane locomotive ind ships, 
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arolina Power & Light 


again specifies 


Richardson Automatic Coal Scales are playing a 

vital part in helping supply power for the new 
Industrial South. Here are Richardson Model 39's in an 
outdoor installation at the new generating station 

of Carolina Power and Light. 





To both industrial and utility power generating stations, 
specifying Richardson means — 


A 24” x 24” inlet opening and 26” wide belt for 
maximum coal flowability. 

All wiring and controls outside coal chamber. 
Access doors which will not spill dust on floor 
when opened. 

Beam ratio test facilities outside coal chamber. 
Gravity operated by-pass, with no restriction of 
coal flow to downspout. 

No drag links or wires attached to weigh hopper. 
Nationwide after-delivery service. 


290 60 OO 


Latest development in the 39 Series of Richardson 
Automatic Coal Scales is the Modei H-39 shown 
below. May we send you our new 16-page engineer- 
ing data book on the H-39 Coal Scale (Bulletin 
0352), without cost or obligation? 

RICHARDSON SCALE COMPANY : Clifton, New Jersey 
Atlanta * Buffalo * Boston * Chicago * Detroit * Houston 


Minneapolis * New York * Omoahe * Philedeiphio * Pittsburgh 
Son Francisco * Wichita * Montrecl * Toronto 


&) eres 


MATERIALS HANDLING BY WEIGHT SINCE 1902 
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there are still present problems for which 


j 
no rational solution is offered at thi 
tonne The hazard problem fits into thi 
categor The requirements on exclu 


ion areas for stationary reactors have 
been greatly liberalized in recent year 

underground 
proot shield 


or shell, together with a better under 


The possibilit i using 


con truction ofr a explosion 


tanding of what can go wrong 1m a re 
actor when it gets out of hand, do 
much to enhance the cle elopment and 


e of stationary nuclear power plant 


I 


However, with a transportation plant 
the hazard problen is not so readil | 
uble The ri uld easily put 
the power plant outside the range of re 


J 
ility and put the goal farther off in point 


lactor 


of time For example, an accident of a 
railroad right-of-wa or at an aircraft 
landing field, or at a wharf in a harbor 
could lead to eT1ou uncontrollable co 

tamination of the atmosphere and the 
urrounding Chis factor, in itself, 1 
in impediment to the practical utiliza 


tion of nuclear power for transportation 


where other technical and eco 


aT mt 
nomic conditions ma cem to be so fa 
orable for its advancement But that 


factor will not, | am confident, remain a 
i permanent barrier to the perfection of 
nuclear power for such service 

Some of those people who are in the 
pessimistic school on the practicality of 
nuclear power plants take the view that 


the harnessing of the sun's rays is a much 
more fertile field in which to be engaged 
Their thinking 


that were we, as a nation, to spend as 


ften includes the belief 


much money (more than $10 billion so 
lar m sun ene ipplicatio i we 
have spent on nuclear research for wea 
pons we would be much closer to reali 
ration on the practi il harne ing of the 
un rays, than we are toda hi 
may be true but the fact of the matter 1 
that the adaptation of sun's ener; i 
1 from reality he 


vork which must still be done, before we 


toda lar remove 


can overcome the many obstacles which 
the least, is stag 
of the prob 


itself preclude effort, a 


lie in the path, to say 
geriny But the enormity 


lem cannot im 


witness the result with atomic energy 
development. We must recognize that 
man will ultimately harne the sun 
Dh un is our one trul ignificant 


ource of energy When he is gone or 
burned out we need have no more in 
terest in things because we then face the 
heat death of absolute zero of tempera 
ture and intinite entroy 


But to get back to things which are 


closer to realit we hould recognize 
that the gas turbine 1 m its way 
Vat people have been working for a 


to pertect this device 
to that a 


tivity rhe inherent high speed means 


greal many year 
There are strong meentive 
reduction of weight bulk and floor space 
The problems of reciprocating masses 
ind forces, are climinated Lubrication 


70 





Make your own 
VITRALLOY 
mid -year 
CHANGE-OVER 
TEST 


men you - 


= ju. 2 


\9> 


ea fel: $ 


Retube F pmmer 


this 


ORDINARY 
STEEL TUBES 


When you re-tube pre- 
heaters this summer make 
your own convincing test of 
Barrow’s VITRALLOY. In- 
Stall a representative sec- 
tion of these clogging and 
corrosion free tubes 

side-by-side with the ordi 
nary steel tubes you usually 
use. Then compare opera 
tional performance 

watch just a plain water 














wash down keep VITRAL- 


BARROW'S LOY free and clear see 
VITRALLOY how they outlast ordinary 
PRENEATER steel tubes (of same wall 
TUBES 


thickness and installed at 
same time). VITRALLOY 
Tubes (boro-silicate com 
pound fused to base metal) 
resist corrosion nip the 
vicious cycle of clogging 
and more corrosion before 
it starts. VITRALLOY also 
permits saving and re-use 
of more degrees of heat 
from flue-gas 


10 MAKE your 


w 
ne Test 


viTRALLOY 





Get set by ordering your change 
ver tubes now 
to first look at a Jesk sive” € 
length of VITRALLOY Preheater 


rif you preter 


co] 
Tube, drop us a line. For each of * % 
your units, be sure and let us know @ wv 
the number, length and diameter 
. . 
of tube also sulphur percent 
age of your fuel . . 
. . 
Special discount on test e ee zg 
orders received before O° AS 


March 31, 1955 





BARROWS PORCELAIN ENAMEL C 


ANGDON # AND PENN ff NCINNAT 





0 


simplified and lowered in cost. Water 


requirements are reduced almost to the 


anishing point. Maintenance intrin 
ically should be lower These are some 
f the inducements which have led to the 
trenuous efforts to perfect the gas tur 
une plant It is true that there are 
lenty of 


jlenty of disadvantage 


problens unanswered and 


but with stud 


research and development those disad 
hould be reduced. We can 


face the problem of higher temperature 


intages 


vith far greater assurance than we could 
Materials which 


in withstand the working conditions are 


mly a few year igo 


ecoming more available and their price 
hould grow more reasonable Natural 

is an excellent fuel, distillate can be 
urned without serious trouble, and re 
dual fuel oils seem now to be treatablk 


» that they will be more generally used 


han former! The burning of coal 
ywever, appears to remain a most dif 
ficult and unsolved proble:n The lu 
id fuels, however, recommend then 


r to transportation services (;a 


irbines using them are becoming stan 


rd for man ur plane With some 
regeneration, intercooling, and reheat 
j the 


rious impression in the locomotive and 


hould before long make a se 
hip propulsion applications. It would 
certainly seem as though the day of 
is turbine in the range of 1000 hp to 
0,000 hp is at hand These boundars« 
vill not long remain fixed rhe efforts 
underway by automobile manufacturer 
to produce an inexpensive, reliable, and 
efficient gas turbine whose capacity 1s of 
the order of 100. 200 or even 300 hp are 
real rhe high starting torque of the 
is turbine, together with its other char 
cteristic hould assist in the simplif 
ition of the entire driving system im 
clutche 


plings, torque converters, overdrive, and 


olving gears hydraulic cou 
underdrive now found in the automobile 
truck and bus constructions The in 
herent merits seem to be there and it is 
mly reasonable to expect genuine ga 
turbine progress in the future 

In this entire consideration of the 
power problem we should not lose sight 
of the broader problem of energy suppl) 
Dr. Weaver, of the Rockefeller Institute 
ind President of the American Associa 
tion for the Advancement of Sctence, u 
People, Energy and Foo 


i paper ol 


The Scientific Monthl june 1954 had 
this very striking comment to make 


In the United States | 


each individual 
person uses, each day, about 3,000 calo 


ries as food Each United States inhal 


itant averages more than 40 times a 


much, or about ),000 calories per day 
for heat and power. It is, at first hear 
ing at least, surprising that im our own 
country about 25 per cent of our total 
energy bill is devoted to pace heating 

to keep our buildings warm-—whereas 
only one-tenth of that amount, or about 


5° of the total energy bill, is for food 


‘ 
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Program of First International 
Congress on Air Pollution 


WORLD-WIDE conference of 
la scientists and engineers will be 
convened in New York City at the 
First International Congr on Air 
Pollution, to be held in Hotel Statler 
on March 1 and 2 under the sponsor 
ship of the American Society of Me 
chanical Engineer rhe meeting will 
be divided into seven technical s 
sions, dealing with different phases of 
current pollution investigation 

ir Hugh E. C. Beaver 


Arthur (suinne on & 


managing 
director of 
Co., Ltd 
at the meeting He will deliver the 
Calvin W. Rice 


il ociety of Mechanical Engineer 


peaker 


principal sj 


will be the | 


lecture of The Ameri 


which 1 ponsoring the congre is a 
mart of it 75th anniversar obser 

ance ir Hugh is chairman of Great 
Britain's Government Committee to 
Examine the Nature Cause ind 
Effects of Air Pollution His lecture 
entitled Air 
Publi 


Opinion V | based upon a final 


belore t ongre 
Pollution j Growth of 


preparation, on the 
fatal London mo 


report nov 
caus ol Yod 
ind on meat for ntrolling uch 
mogs in the future 

Iwo documentat films on air pol 
lution will be shown during the meet 
ins Phe Engineering Research Lab 
oratory ot ,ew York University 
will present Wind 
Model Investigation of Power Plant 
entitled Guilt 


ponsored by The 


funnel Scale 
The second filn 
Chimney: is being 
Gas Council of London, England 
Details of the program are a fol 
lows 


Tuesday, March 1, 9:30 a.m. 


GAPS IN OUR KNOWLEDGE OI 
AIR POLLUTION 


Biological Aspects of Air Pollu 
tion Needed Research"’ by Norton 
Nelson, Director of Institute of In 
Medicine, New York Uni 


Medical Center 


dustrial 
versity — Bellevue 
New York, N. ¥ 

“Air Pollution Control 
trative Needs and Patterns by 
Arthur C. Stern, Chief of Air Pollu 
tion Control Program, U. S. Publi 
Health Department of 
Health, Education and Welfare, Cin 
cinnati, Ohio 

Air Pollution Control 
Engineering Research and 
ment'’ by Leslie Silverman, Associat« 
Professor of Industrial Hygiene En 
School of Public Health, 
Boston, Mass 


Adminis 


Service, 


Needed 


Develop 


yineering 
Harvard Universit 
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CURRENT AIR-POLLUTION 
DEVELOPMENTS 


Exhaust Gases from Diesel En 
gines by Rogers F. Davis and 
John C. Holtz, Bureau of Mines 
Pittsburgh, Penna 

Incinerator Design tandards 
Research Findings’ by Andrew H. 
Rose, Jr., Los Angeles County Air 
Pollution Control District, Los An 
yveles, Calif 

Measurement of Average 
ize in Aerosols by Light-Scattering 
by David Sinclair, Johns-Manvill 
Research Center, Manville N. J 

Phe Sarnia Surve Action With 

B. C. Newbury, 
Foundatior lo 


Ontario, Canada 


Partick 


out Compulsion’’ b 
Ontario Research 
ronto 


Tuesday, March 1 


. 
I nsolved Meteor 
Pollution 
Hewson, 


00 p.m. 


Control 
Prot or 


lems in Air 
E. Wendell 
Meteorology, Universit tf Michigan 
Ann Arbor, Mich 

Biological tems for the Identi 
fication and Distribution of Air Pol 
lutant by John T. Middleton, 
University of Califormia Citrus Ex 
periment Station, Riverside, Calif 

Air Pollution Control: Associated 
Health Implications’ by E. A. Wat- 
kinson, M. D., Chief, Occupational 
Health Division, Department of Na 
Health and Welfare 
Ontario, Canada 


tional Ottawa 


Banquet, 6:30 p.m., Tuesda 


Varch 1 


Management Aspects of Air Pol 
lution” by G. Edward Pendray, 


Pendray & Co., New York, N. ¥ 


Wednesday, March 2, 9:30 a.m. 


DIOXIDE PREAT 
IND RECOVERY 


SULFUR 
MENT 


The World Supply of Sulfur’ by 

J. C. Carrington, vice president, Free 

port Sulfur York 
N.Y 

“The Removal of 


Company New 
Sulfur Dioxide 
from Power Plant Stack Gases” by 
R. L. Rees, chief chemist, British 
Electricity Authority, London, Eng 
land 

Recovery of Sulfur 
Coal Combustion Stack Gases: Pilot 
Plant Studies of an Ammonia Scrub 
bing Process’’ by L. B. Hein, chief 
defense processes, Tennessee Valle 
Authority, Wilson Dam, Alabama 

“The Ammonia Process for the 
Removal of Sulfur 


Dioxide from 


Dioxide from 


Flue Gases" by H. E. Newall, Ds 
partment of Scientific and Industrial 
Research Fuel Station 


London, England 


Research 


EXPERIENCE IN AIR 
POLLUTION ABROAD 


Influence cf the Size of the Dust 
Outlet of Cyclones on Their Effi 
ciency by H. J. Van Ebbenhorst 
Tengbergen, Mining Division, Staats 
mijnen in Limburg, Centraal Proef 
lreebeek The Netherlands 

Experience with Air Pollution In 
Holland” by A. J. Ter Linden, Pro 
Engineer Hoge 
school Laboratorium voor Warmte en 
Stoftechniek, Delft, The Netherland 

Abiotic Disease in Forest Stand 
Caused b l 
Natalina 
Azevedo, | 
7 il ‘ ; 


station 


fessor Pechnische 


Sulphurous Gas« 


Ferreira Dos Santos 


Refiner ! vel 
Air Pollution Control b G. E. 
Smalley and James W. Klohr, The 
Ralph M Parson Compal Li 
Angele Calif 

Sulfur in Iron and Steel Making 
by T. P. Colclough, Technical Adviser 
British Iron and teel Federatior 
London, Englat 

Recover ind tilization 
fur from Coke Oven Ga b 
Kurtz, Bethlehem teel 
Sparrows Point, Md 

Air Pollution Caused by Combu 
tion Products and Industrial Activity 
by Melchiorre De Chigi, 
Hygiene Institute, Padua Universit 
Italy 

‘Collective Toxicity in Italy Caused 
by Industrial Atmospheric Pollution 
by Giovanni Pancheri, Director, Med 
Nazionale per la 


Infortuiut, Rome 


Director 


ical Division, Ente 
Prevenzione degli 
Italy 

Practical Performance with Tes 
Results of Well-Known Type of 
Dedusters'’ by C. J. Stairmand, Im 
Industries Limited, 
Durham, England 


1 


perial Chemical 
Billingham, Co 
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Catalytic Combustion Corp. has an 
appointment of Ted 
district manager for field 


nounced the 
Grimac a 
engineering and sales operations cov 


ering Eastern Pennsylvania ind 


Southern New Jersey 

Walter Rothenhoefer ha been 
elected a vice president of Eastern Ga: 
ind Fuel Ass president of New 
England Coal and Coke Co., and 
president of Castner, Curren & Bul 
litt, Im He three 


ciate 


succeeds, in the 


February 1955—C OMBUSTION 





positions, Mr. H. B. Baird, who re 
tired in December 1954 

General Electric Co. has announced 
the election of three vice presidents 
Francis 
general manager of the 
Robert L. 
Gibson, general manager e chemi 
cal and metallurgical d I nd 
Willard H. Sahloff, gene: lanaget 
of the small appliance d I 

Carl F. Norberg wa ected presi 


The Electri torage Batter 


The new vice presidents are 
K. McCune 


atomic products di 


recent meets the board 
Phe acts wed the 
f S. Wyman Rolph a 
1 I It irdanda 


I Pa) 


iT 
I itl 


i 


Phe ation Edward R. 
Trapnell, who |} rved for the 


ind ah 
int to the 
congressional 
innounced by the 
rg Commissio1 
Willis I. McCord, 
Allen B. DuMo 
been made mana 
by Diamond Power ecialt 
He ha erved wit the Du 
organizatior lor te ear in 
various < ipacilie inciudi! research 
broadcasting, and the le televi 
ion broadcast equip1 
The appointment of Dr. Kurt C. 
Frisch as assistant er of re 
earch ha been annour ( | | 
Houghton Co. of Philadel i Dr 
Frisch has been supervisor of organic 
research in the Houghtor iboratories 
ince 1952 He will be eeded in 
that position by Dr. Ellis Abrams 
former] issociated with 
Quaker Chemical Products Cory 
At a board of direct meeting ol 
Beaver Pipe Tools, In Mr. Charles 
T. Everett was elected president and 
general manager, as well as a director 


who was 


of the Beaver firm 
Dr. Lawrence R. Hafstad, who re 
Atem« 


Energy Commission's division of re 


tired recently as director of t 
actor development, has been granted 
the AEC 
award Dr. Hafstad ha 
position with the Chase National 
Bank of New York after nearly six 


ears ervice with the 


distinguished ervice 
icce pted a 
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HIGH PRESSURE GASKETS 
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@ Longer Service Life 
@ Lower Maintenance Costs 


@ Saving Installation Time 
@ Smaller Inventory of Refractories 


R&I, pioneer and a leading 
producer of castable refractories, 
offers MOLDIT— the most successful 
line of hydraulic setting, castable 
refractory materials for the greatest 
range of industrial heating 
applications. 

With Moldit—mixed as ordinary 
concrete—you pour, cast or gun 
your own refractories in any size 
and shape, fast. There’s no ram- 
ming or pounding. No high-cost 
inventory of special shapes to 
maintain. 

MOLDIT LASTS—outlasts the rest. 
That's why it is constantly replacing 
other refractory materials. Moldit 
air-sets, without prefiring, to full 
refractory hardness. It's stronger, 
more resistant to thermal shock and 
abrasion, impervious to moisture. 
Plant after plant reports reductions 
of as much as 90% in repair and 
maintenance costs when Moldit 
Castables replace other refractories. 

If you have trouble with your 
present refractory brick, shapes or 
linings, you can end it with Moldit 
Castables. 


Ashpit of large coal-fired boiler completely 
“gunned” with R&I Moldit. Records show 
not a single repair required in 11 years of 
constant service in a number of ash hoppers 
lined with Moldit, 


Gunning a 5%," thickness of Moldit Chrome 
Refractory on a boiler fioor for moximum 
resistance to molten slag ot 2750° te 
2850” F. Such floors have been in service 
for 6 and 7 years without a failure. 


FOR EVERY REQUIREMENT 


There are 10 Moldit Refractory and In- 
sulating Refractory Cements to best meet 
specific thermal, mechanical and chemi- 
cal corrosion conditions from 2000° to 
3000° F. 

Send for catalog on Moldit Castables. 
Also get the story on R&I Super #3000, 
the truly “wonder” refractory bonding 
mortar. 


REFRACTORY & INSULATION 


124 Wall Street 


CORPORATION 


° New York 5, N. Y. 
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rhe election of Charles L. Hulswit, 
Rockland Light and 
i director of The First 


president of 


Power Co | 


National Kank ol Spring Vall 
New York ha been recentl an 
nounced 

coville Manufacturing Co ha 
innounced the appointment ol 
Charles K. Stickney as chief engi 
neer of that compan Mr. Stickne 
uceeeds Leo J. Niekerk who retired 
December 31, 1954 Thomas P. 


Healey has been appointed assistant 
power plant engineer 
According to the announcement of 


Gibbs & Hill, In 


New York engi 


neers and constructors, H. Everett 
Woodruff has been elected to that 
firm's board of directors. Mr. Wood 
ruff is vice president in charge of the 


investment department, New York 
Life Insurance Company 
Strong, Carlisle & 


has announced the appointment of 


Hammond Co 


two new industrial distributors to 
handle the Strong Steam Specialty 
line. Direct representatives for New 
York and northern New Jersey will 
be Seco Industries, In Mr. C. W. 
Mann, former district 


this territory, i 


manager for 
joming the Seco or 
ganization which is headed by Mr. 
Charles Sechtig. Rhodes Equipment 
Co., will be the direct factory repre 
sentative for Strong Steam Specialti 


in the St. Louis area 





Business Notes 











The Franklin Institute Laboratories 
for Research and Development re 
cently announced the establishment 
of a new research section for heat and 
power, One major activity of this 
new section will be research on prob 


lems inherent in the design of atomi 


plants 

With some twelve major national 
entific and engineering organiza 
tions participating, the first all-em 
bracing convocation in this countr 
devoted to peace time problems of 
nuclear engineering and the related 


will be held late in the Fall of 
Woo Ihe 


gress will bring to the 


cmnce 
week-long Nuclear Con 
public the 
presentation and discussion of scores 
of technical papers by eminent men in 


these field 


Westinghouse Electric Corp. plans 
to build new jet engine research and 
development facilities which will cost 
more than $| million The new 
will be located at the present 


site of the huge jet engine plant south 


faciliti 
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TAYLOR 


COMPARATORS 






“never 
knew 
BOILER 
WATER pH 
and 
PHOSPHATE TESTS 
could be so easy!”’ 








Just fill 3 test tubes 
with the sample to 
be tested and place 
them in the base 


add reagent to 
middle tube only 


place color stand 
ard slide on base 
Move the slide 
across until the 
colors match and 


the 
Then Volt / 


make 





pH, chlorine 
phosphate or nitrate determina 
tions with these 3 easy steps with 


You can 


Taylor Comparators. Complete 
water analysis, including fluo 
rides, is only a little more de 
tailed when you use a Taylor 
Water Analyzer. Taylor sets are 
lightweight, durable, portable 
Many different tests can be made 
on a single base. Best of all 


COLOR STANDARDS 
ARE GUARANTEED 


Taylor liquid color standards carry 
an unlimited giarantee against fad 
ing, thus there's no chance of me 
chanical inaccuracy. Since a complete 
set of standards for any one deter 
mination is enclosed in a sturdy 
ylastic slide, there’s no need to 
Randle fragile single standards 












SEE YOUR DEALER for Taylor sets or 
write direct for FREE HANDBOOK, “Mod 
ern pH & Chiorine Control.” Gives theory 
and application of pH control, illustrates 
and describes full Taylor line. 












. TAYLOR % 


RGE RD. + BALTIMORE, MD 








of Kansas Cit rhe firm of Sander 
son and Porter of New York will be 
agents for all new construction in 
volved 

A new 100,000 kw unit 
$14,000,000 that doubles the electric 
generating capacity of the 
Virginia Electric and Power Co.'s 
Portsmouth station has recently gone 


costing 


power 


into full load commercial operation 
his brings the Virginia Electric and 
Power Co. system's total generating 


capacity to more than 1,000,000 kw 


' 

\ private international program to 
develop the peaceful uses of atom 
energy has been organized by a group 
of the nation’s leading scientists, edu 
cators and industrialists rhe pro 
gram is to be launched by a new! 
created organization called the Fund 
for Peaceful Atomic Development, 


Inc. 


The Daniel Construction Company 
has recently made several changes in 
their corporate officers and has also 
announced the opening of two addi 
offices. Charles E. Daniel 
becomes chairman of the 


tional 
president 
board, and is succeeded as president 
by his brother, R. Hugh Daniel, who 
will now hold the offices of president 
and treasurer L. L. Longcrier will 
be vice president and manager of the 
Virginia office, a new division, with 
offices in Richmond, and Harry |] 
Stellman will serve as manager of the 
new Florida branch, with officers in 
Jacksonville 


Plans for the continuing expansion 
of the American Gas and Electric Co. 
system by the construction of a 
225,000-kw steam-electric generating 
unit to be built at the Muskingum 
River Plant of the Ohio Power Co., 
near Beverly, Ohio, the newest station 
Electric 
announced 


on the American Gas and 


system, were recently 
Estimated construction costs of the 


unit are $29,600,000 


Development of the program for it 
first General Assembly, a move to in 
vite certain organizations to member 
ship, designation of a representative 
to UNESCO and 
officers were recenily announced b 
Engineers Joint Council. EJC is com 
posed of eight major national societies 
with a total membership of 170,000 
Che General Assembly will have as its 


nominations ol 


basic theme the increase of unity in 


the profession 


Che Atomic Industrial Forum, Inc., 
announced early last month the for 
mation of an industrial nuclear reactor 
materials commiuttec Companies co 
operating in the organization ol the 
committee are Allegheny Ludlum 
Steel Corp., Aluminum Co. of Amer- 
ica, The Babcock & Wilcox Co., 
Climax Molybdenum Co., Interna- 
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tional Nickel Co., Lukens Steel Co., 
Nuclear Metals, Inc., Republic Steel 
Corp., Titanium Metals Corp. and 
Vanadium Corp. of America. 

Che Pennsylvania Crusher Co., a 


subsidiary of Bath Iron Works Corp. 
ince 1947 was merged with the parent 
ympany on December 54. As 
that date the busin ecame 
known as the Pennsylvania Crusher 
Div. of Bath Iron Works Corp 
Detroit Edison Co. announced the 
establishment of a laboratory at their 
Delray generating station to test parts 
for an atomic-fueled elect: power 
plant 





Book Review 











Engineering Analysis 
By D. W. Ver Planck and B. R. Teare 


r. 


Subtitled “An Introduction to Pro 
fessional Method,’’ this text marks an 
important departure from many en 
gineering books because at at strong 


thinking 
to do 


emphasis on method of 


What the authors are attempting 


is to provide a basic philosophy of 
problem solving. This phil hy then 
becomes an integral part of the en 
gineer S Way of meeting new situations 
during his professional career rhe 
emphasis throughout the book is on the 


development of well-ordered analytical 
thought processes 
Concern with methods of thinking is 


highly important in engineering edu 
cation, for there ts the danger that the 
learning of man pect techniques 
will obscure the overall 1¢V | problem 

living rhe authors expre this con 


ce pt as follow 


We feel that, whatever the 
of learning 


merit 


more powerful and more 


general technique thematical 
manipulation, there till urgent 
need to help the student learn how to 
do the whole proces v¥ to take the 
often crude engineer tation and 
implify it then t1 it into 
mathematics himself ndition 
in which he does not |} A he start 
just what kind of mathe ithe 1 
needed and after he mathe 
matical result carry the rk toward an 
engineering conclusiotr 

Throughout the | i ittempt 
is made to expre roble in the 
informal, undefined ser which 
they are genera tered in 
engineering practice ft i more 
reality to he roble tuations 
most of which are selected from sub 
ects ot interest to lent im ime 
chanical, electrical and istrial en 
ineering Althoug! the text i 


yasically intended 


and first-year 


juniors, 
tudents 


TUOT 


+} 


he practicing engineer 1 find the 
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FOR ALL GRADES 


OF LIQUID FUEL : kK N S$ T 


Enco Burner Units of Steam or Mechan- 
ical Atomizing Types are made in 
various sizes with capacities from | to 
1000 gallons per hour. 

Designed for operation either with or 
without air registers and for natural or 
forced draft. 

The Enco Interchancsable Biomizer 
is made for instant change of guns 
for operation by either steam or me- 
chanical system or to cover a wide 
range of capacity. 

Enco Atomizers are used with vari- 
ous types and makes of pulverized- 
coal and gas-burner units to provide 
a dual fuel unit for cold starting, or 
for full-load operation when coal or 
gas is not available, or use when oil 
is the more economical fuel. 

We have made many installations 
during the past 25 years and are 
ready to cooperate with those looking 
for better operation and assurance 
against loss of steam output. 


THE ENGINEER CO. 


West 


.ENnco) New York 6,N.Y 








methodology proposed worthy of seriou 
Topics are included from dy 
translation and 


heat transfer 


study 
namics ol rotation 


electric circuits solution 


of linear differential equations, in 


tegration by graphical and numerical 
methods and dimensional analysis 
Both of the 


with Carnegic 


authors are associated 
Institute of 


and have backgrounds of both teaching 


Pechnology 


and industrial extending 


back 


present 


experience 
more than twenty years \t 

Dr. Ver Planck is head of the 
department of mechanical engineering 
and Dr lreare is dean of the college 
of engineering and science 

jack in May 1952 an editorial ap 
entitled 


peared in this publication 


What about the ‘How’ in ‘Know 
How? Among other things it urged 
that more attention be given to the 


methods ot 
thinking so that there could be 


underlying engineering 
a better 
understanding of the ‘“‘how”’ in the dail, 
outstand 
philo 
suggested in that 
hoped that the 


receive 


activities of engineer rhis 


ing book well exemplifies the 
sophical approach 
editorial It is to be 
text will not only wide use in 


courses in engineering analysis but also 


find a place in the libraries of many 
yraduate engineers 
Phere are 344 pages in the bool 


which is priced at $6 


SIGHT FLOW INDICATORS 
“See What Goes On Inside" 

For insertion into pipe 

fc FOR EVERY APPLICATION 


BRONZE, IRON, STEEL 
STAINLESS STEEL 


Jes 


FIG. 215 
f 


yed 





FIG. 29 
ylinder with 


peller 





rp. 17-28 


Cylinder 





FIG. E-57 





FIG. E-811 


FIG. E-1810 


loapper Rotating Wheel Type 


All sizes up to 6’ Send for Catalog 


ERNST WATER COLUMN & GAGE CO. 
LIVINGSTON, WN. J. 
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“Panel” of Eleven says Traps are Best for draining 








Superheated Steam Lines 


- AND THESE PLANTS AGREE 


Typical Armstrong high pressure 
trap veers: 
Consumers Power Company — 


Comstock, Erie, Essexville, Muskegon, 
Zelwavkee, Michigan 


Ohie Power Company, Phile, Ohic 

Kansas City Power & Light— 

Kansas City, Me. 

Georgia Power Company— 
Votes, Macon, McManus, Georgia 
United Illuminating Company— 

New Heven, Conn. 
Philadelphia Gas & Electric— 
Philedeiphie, Pa. 

San Diego Gas & Electric— 
Sen Diego, Calif. 

Wisconsin Electric Power Company, 
Milwaukee, Wisconsin 
Northern States Power Company — 
St. Paw!, Granite Falls, Bleck Dog, Minn. 


Cincinnati Gas & Electric Company, 
Cincinnati, Ohice 





. 
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. 


One of the readers of a power plant 
publication recently asked, ‘“‘which 
is the best device for removing 
condensate from lines carrying 
superheated steam P 

Eleven readers answerd this 
published question. All agreed, 
from experience, that steam traps 
are best 
automatic. Traps pre- 
vent steam loss. Traps take care 
of boiler carryover. Traps are 
available with sufficient capacity 
to take care of any condensate 
load. Traps don’t “forget” to drain 
the lines. 

Since 1929, Armstrong inverted 
bucket forged steel steam traps 


Traps are 


Application Engineered 
ARMSTRONG STEAM TRAPS 


have kept pace with the trend to 
higher steam pressures. Today, 
they are widely recognized as 
essential safety devices in leading 
power plants throughout the 
world operating at pressures up 
to 2400 psig. 

For safe, dependable drainage 
of superheated s.eam lines, get 
the facts about Armstrong traps. 
Call your local Armstrong Repre- 
sentative or write Armstrong 
Machine Works, 814 Maple St., 
Three Rivers, Michigan 


ASK FOR REPRINT— 


“Should We Trap Superheated 
Steam Lines” —tells the exper 
ience of trap users 
your questions on high pres 
sure trapping. Ask for Catalog 

too complete dota on 
Armstrong forged steel traps 
Free on request —no obligation 


answers 


Pra 
—s 
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RCA Industrial TV 






Now Industry-Designed for 
Every Heavy-Duty Job 





NEW ITV-6 









SMALL, 
RUGGED 
CAMERA— 





definition — picks up fine meter 
readings—shows practically any 
operation or process in detail. 


SUPERVISION — 


new weatherproof housing 

protects camera from cold, heat, snow, and rain 
makes RCA Industrial TV a true round-the-clock, 
round-the-calendar instrument. 








FOR HIGH-TEMPERATUKE 
OPERATIONS — 


RCA’s new water-cooled lens per- 
mits direct viewing of operations 
where temperatures run up to 
3000°F 


FULL LINE OF ACCESSORY 
AND CONTROL EQUIPMENT 
DESCRIBED IN NEW, 

FREE BOOKLET 


FOR YOUR COPY MAIL COUPON NOW 
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High Resolution, Low 
Maintenance Unit 
Now Available 











PANEL-MOUNTING MONITOR — 


fits your present control board — becomes an integral 
part of your instrumentation setup. All camera 
functions are controlled at monitor. Six-hundred- 
line resolution for high-definition image. 


eee 





FOR 
HAZARDOUS 
CONDITIONS —new explosion-proof housing lets 
you place your camera in any location too hazard- 
ous for your personnel. 


RCA 
Sew 
RADIO CORPORATION 


of AMERICA 
CAMDEN, N. J. 


in Canada: RCA VICTOR Company Limited, Montreal 
(PLEASE PRIN'I 
Radio Corporation of America 
Dept. N-187, Building 15-1, Camden, New Jersey 


Please send me the new booklet, RCA Industrial TV 
Name Title 


Company 
Address 


City and State 
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~ 10,000,000 ofm-cm. water 
~ ” 


... by Demineralization 


at 160 gpm for 2050 psig boilers 


Just a few years ago, producing large quan 
tities of water of a purity of 0.01 ppm was 
quite a chore. A tedious, drawn out mul 
tiple distillation technique was required. 
Engineers “dreamed” of producing this 
water at large flow rates for high pressure 
boilers and power plants by an easier 


and more economical method. 


loday, at the Pennsylvania Electric Com- 
pany, Shawville Station, this has become 
a reality. Makeup for 2050 psig boilers 
is produced at a rate of up to 160 gpm 
and with a purity of 10,000,000 Ohm-cm 
(0.01 ppm) and less than 0.02 ppm silica 
Graver Mixed-Bed 


Demineralizer with in-built dependability 


by a fully automatic 


Write for new Demineralizing Bulletin. 


GRAVER WATER CONDITIONING CO. 








|GRAVER 


A Division of Graver Tank & Mfg. Co., inc 


216 West 14th Street, New York 11, N.Y. 
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WESTINGHOUSE FANS WITH AIRFOIL BLADING 


REDUCE NOISE INTENSITY 697% 





AIRFOIL 
BLADING 





The application y Sturtevant, of the Airfoil principle to 





Centrifugal Fan Wheel design not only reduces turbulence and 
resultant noise intensity but also provides highest mechanical 
efficiency up to 92%. It means that Westinghouse-Sturtevant , P 
Heavy-Duty Centrifugal Fans, with their smooth Airflow pattern These and other leading Utilities 
» " . ‘ . m 
operate at lowest cost have selected Westinghouse Airfoil Fans: 
FACT: They are the most economical Centrifugal Fans : 
‘ * Consolidated Edison * Cincinnati Gas & Electric 
you can select for power generation. hinee Veihh Compan 
Original Westinghous« \irfoul blading assures true, non © Duke Power Company * Indiana-Kentucky 
overloading horsepower. Self-limiting horsepower characteristic © Pennsylvania Electric Electric Corp 
reaches its maximum in normal range of selection. In addition Company * Ohio Valley Electric 
V “Cc wrtions of rt on ve Y et; . g ad ‘ C 
vheel proportior \ n-overloading fans facilitate direct © Tennessee Valley Authority orporation 
connection to conventi quirrel cage induction motor asens 
n ed W © Southern California 7 Dugq sesne Light Company 
. i itiryv s idaing mit ave ‘ “ *<t id ) 
vw countr ies Nave instalilec estingnous« Edison Co © New Yerk State Beciri« 
Sturtevant Airfoil M il Draft Fans to benefit from ad C 
‘ ’ © Philadelphia Electric & Gas Company 
vanced design owe crating Costs quieter operation Company © Consumer Power Company 
MORE FACTS? Ca our nearest Westinghouse-Sturtevant * Delaware Power & Light * Cleveland Electric 
Sales Engineer he’s the ““Man With The Facts or fill in Company Iluminating Co 
the coupon below ® Public Service Company of Indiana 











WESTINGHOUSE Westinghouse Electric Cory 


Sturtevant Division, Dept. 10A 


AIR HANDLING Hyde Park, Boston 36, Mass 


Please send more information on your Airfoil Fan 


you Can BE SURE...iF 11s 
NAME AND TITLi 


Westinghouse iil 


cerry STATE 
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“ABRASIVE WEAR 
SHARPLY REDUCED” 


a 


ment parts alone is appreciable. 
The saving in maintenance and 
shut-downs may be even higher. 


Extended life of 4 or 5 to 1 is not 
unusual when ABK Metal replaces 


For longer service in pump casings, 
pipes, fittings and other parts sub- 
ject to abrasion, install castings of 
ABK Metal. A nickel-chrome iron 
of controlled structure, ABK 
Metal is produced only by Amer- 
ican Brake Shoe Co 


Time after time, on installation 
after installation, reports show 
that ABK Metal is the most eco- 
nomical material for handling ash. 
The ultimate saving on replace- 


QUALITY CASTINGS IN 


other iron castings—especially in 
those ash handling or disposal sys- 
tems where the most severe type 
of abrasion is encountered. Don’t 
let ABRASION steal your opera- 
ting dollars... SPECIFY ABK 
METAL. 


DUCTALLOY 
MEEHANITE 
ABK METAL 


BRAKE SHOE AND CASTINGS DIVISION 


230 Park Avenue, New York 17, N.Y. 








Advertisers’ Index 


Aerotec Corporation, The ° 
Air Preheater Corporation, The 33 
Allis-Chalmers Mfg. Company * 
American Blower i 

and 


a Brake Shoe Com- 


Bailey Meter Company 

Baltimore & Ohio Railroad.... 
Barrows Porcelain Enamel Co. 
Cc. O. Bartlett & Snow Com- 


Bayer ory mS The.. 
Beaumont Birch Company.. 
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AVAILABLE IN 
MANY SIZES AND 
IN TURBINE OR 
MOTOR DRIVE 


WING PACKAGE DRAFT INDUCER 
FOR POWER PLANTS 


MOTOR AND FAN DESIGNED AS 
ONE COMPLETE REMOVABLE UNIT 


MAKES INSTALLATION EASIER 


FACILITATES INSPECTION AND 
MAINTENANCE 


SAVES SPACE 


ELIMINATES WATER COOLING 
OF BEARINGS 





INTERCHANGEABLE INLETS — 
TOP, BOTTOM OR SIDES 


WING PACKAGE DRAFT INDUCER AT 
PLANT OF WELCH GRAPE JUICE CO. 


NO LUBRICATION REQUIRED — 
BEARINGS PRE-SEALED 


Win 


Write for complete details 


L. J. Wing Mf%.Co. 


54 Vreeland Mills Road 
Linden, New Jersey 


Factories: Linden, N. J. 
and Montreal, Canada 
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protect industrial 


boiler systems 


























Typical hydrazine 
feeding device 


from oxygen corrosion 


wthH YDRAZINE 


To prevent corrosion due to dissolved oxygen in operating 
boilers, and to protect idle boilers or those in standby 
service, the use of hydrazine is well established. Hydrazine 
is now being successfully used in both high and low pres- 
sure steam boiler systems —in the industrial boiler field as 
well as at central power stations —where it provides ef- 
fective protection at low cost. 

Fed in solution, hydrazine is easy to handle and does not 
seep through hand-hole gaskets; it can be used with exist- 
ing equipment required for the application of other feed 


water treating chemicals. Hydrazine reacts completely 
and rapidly with the dissolved corrosive oxygen, resulting 
in water and nitrogen; it imparts no additional “total 
solids” to the feed water. Moreover, hydrazine hydrate is 
alkaline —a 1% solution of N,H,H,O has a pH value of 
9.9 at 25° C, 

These and other advantages of hydrazine for the deoxy- 
genation of steam systems are detailed in Mathieson’s 
literature on the treatment of boiler feed water. Write 
for this information today. 


MATHIESON CHEMICALS 


OLIN MATHIESO 
INDUSTRIAL CHEMICALS DIVISION ~+ 


CHEMICAL CORPORATION 
BALTIMORE 3. MD 
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One of a Series 


POPPET TYPE 
VALVE 


Ss 


PTAA ER 


 # 


ct 





Here is the simplest and most reliable method 
of controlling the flow of steam or air in a 
blower .. . the Diamond Poppet Type Valve. 
It opens quickly . . . closes quickly and posi- 
tively without critical adjustment. Its rugged 
construction assures long life with minimum 
maintenance. Disc and seat are readily acces- 
sible for inspection and service. The valve has 
built-in adjustable pressure control to permit 


easy adjustment of blowing pressure for each 


LANCASTER, OHIO 


ene Ye | 


Keutons Why DIAMOND BLOWERS 


Assure 


CLEANER BOILERS 


at LOWER 
COST 


individual unit... there is no throttling in 
valve seat. Check the many other features of 
the exclusvie Diamond Poppet Type Valve as 


indice*ed on the sectional view above. 


Di iond Blowers perform better because 
tt re built better. The Diamond Poppet Type 
Y ie is one of many reasons why they 

ovide better cleaning at lower cost. Write 
or new catalog on Diamond Blowers. 


DIAMOND POWER SPECIALTY CORPORATION 








there’s more to a bid than price. Some bids are full of 
gimmicks; some are true. When you receive bids); for 
your specialized piping requirements there's much to 
comsider beyond the price. Your initial saving |/in 
aceepting the low, low bid that's frequently full of 
hidden extras is quickly lost in added costs of 
expediting, in delayed construction schedules, | and 
inj correcting faulty fabrication and welding. 


When you buy from a financially sound fabricator 
backed by world-wide reputation and sixty-one) years 
of] piping experience, you are guaranteed the puc- 
cessful operation of every 

piece of pipe that is 

shipped to you. Avoid the BENJAMIN F. 


low, gimmick-type bid. 
Count on Shaw for careful, S hs r.\ ae 
urate bidding - depend- 


ac 

= fabrication and in- COMPANY 
stallation. Buy from Shaw. Wit MEMGON. DELAWARE 
It} pays - all ways. 


| 





BRICA NoOAN 





